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PROCEEDINGS 

OP  TUB 

American  Society  of  Mechanical  Engineers. 


FIRST    ANNUAL    MEETING, 

NOVEMBER  4th  and  5th,  1880. 


The  meeting   was  called  to  order  in  the  Union  League  Theatre, 
at  2  p.  m.,  by  the  President. 

The  following  members  were  in  attendance  : 

F.  A.Pratt,  Hartford,  Conn;  C.  E.  Billings,  Hartford,  Conn.  ;   J. 

F.  Holloway,  Cleveland,  O.  ;  C.  C.  Newton,  Cleveland,  O. ;  E.  B. 
Coxe,  Drif  ton,  Pa.  :  Coleman  Sellers,  Philadelphia ;  C.  T.  Porter, 
Philadelphia ;  B.  Grimshaw,  Philadelphia ;  Horace  See,  Philadel- 
phia] W.  Barnet  Le  Van,  Philadelphia;  Washington  Jones,  Phila- 
delphia ;  George  S.  Strong,  Philadelphia ;  Samuel  S.  Webber,  Oron- 
ville,  Cal. ;  C.  H.  Brown,  Fitchburgh,  Mass. ;  -J.  C.  Hoadley,  Law- 
rence, Mass. ;  John  Cotter,  Norwalk,  Conn. :  W.  T.  Nicholson,  Provi- 
dence, E.  I. ;  W.  F.  Durfee,  Bridgeport,  Conn.  ;  J.  L.  Gill.  Jr., 
Pittsburgh.  Pa.  ;  Jacob  Reese,  Pittsburgh,  Pa. ;  Charles  A.  Hague, 
Chicago,  111. :  F.  F.  Hemenway,  Troy,  N.  Y. ;  W.  H.  Hoffman,  Passaic, 
N.  J. ;  E.  D.  Leavitt,  Jr.,  Cambridgeport,  Mass. ;  L.  F.  Lyne,  Jersey 
City,  N.  J. ;  A.  A.  Goubert,  Jersey  City,  N.  J.  ;  D.  N.  Melvin,  Linole- 
um ville,  N.  Y.  ;  Samuel  S.  Powel,  Boston  ;  C.  J.  H.  Woodbury,  Boston  ; 

G.  C.  Hawkins,  Boston ;  W.  H.  Odell,  Yonkers,  N.  Y. ;  Henry  Par- 
sons, Newark,  N.  J, ;  Prof.  S.  W.  Robinson,  Ohio  State  University, 
Columbus,  Ohio ;    Prof.  Robert  H.  Thurston,  Stevens  Institute  of 
Technology,  Hoboken,  N.  J. ;  R.  H.  Soule,  Baltimore,  Md. ;  Allen 
Stirling,  Mill  Point,  Out.  ;  George  R.  Stetson,  New  Bedford,  Mass. 
H.  B.  Stone,  Aurora,  111.  ;  Prof.  John  E.  Sweet,  Syracuse,  N.  Y.  ;  H 
Tabor,  Coming,   N.  Y.  ;  E.  W.  Thomas,  Willimantic,  Conn.  ;  E.  H 
Owen,  Jr.,  Willimantic,  Conn.  ;  W.  E.  Ward,  Port  Chester,  N.  Y. 
Jerome  Wheelock,  Worcester,  Mass. ;  S.  B.  Whiting,  Pottsville,  Pa. 
E.  H.  Robbing,  Pittsfield,  Mass. ;  T.  R.  Almond,  Brooklyn,  N.  Y. 
William  Main,  Brooklyn,  N.  Y.  ;  R.  G.  Ewer,  Brooklyn,  N.  Y. ;  A 
Stearns,  Brooklyn,  N.  Y. ;    M.  G.  Wilder,  Brooklyn,  N.  Y.  ;    J.  F 
Allen,   New  York  City;    G.   H.   Babcock,  New  York  City;    S.  W 
Baldwin,  New  York   City  ;    J.  C.   Bayles,  New  York  City ;  W.  L 


Church,  New  York  City  ;  A.  W.  Colwell,  New  York  City  ;  A.  Faber  du 
Faur,  New  York  City ;  Thomas  Egleston,  New  York  City ;  A.  H. 
Emery,  New  York  City ;  L.  H.  Finch,  New  York  City ;  John  Fish, 
New  York  City ;  M.  N.  Forney,  New  York  City ;  D.  S.  Hines,  New 
York  City;  A.  L.  Holley.  New  York  City:  F.  R.  Hutton, 
New  York  City;  G.  B.  Mallory,  New  York  City;  \V.  Miin- 
zer,  New  York  City;  C.  W.  Nason,  New  York  City;  W.  A. 
Perry,  New  York  City ;  J.  Rose.  New  York  City ;  Prof.  W.  P.  Trow- 
bridge, New  York  City  :  W.  H.  Weightman,  New  York  City ;  W.  H. 
Wiley,  New  York  City  :  R.  R.  Wolff,  New  fork  City  :  H.  R.  Worth - 
ington,  New  York  City;  J.Bailey,  New  York  City;  H.  B.  Miller, 
New  York  City ;  C.  C.  Worthington,  New  York  City ;  L.  B.  Moore, 
New  York  City  :  J.  J.  White,  Smithville,  N.  Y.  ;  C.  P.  Deane,  Holyoke, 
Mass.  ;  Charles  Sperry,  Westbrook,  Conn.;  C.  E.  Emery,  New  York 
City. 

The  Chair  suggested  that  a  Secretary  should  be  appointed  for 
the  present  meeting  to  act  until  a  permanent  appointment  should 
be  made  by  the  Council.  It  was  thereupon  agreed  that  the  Treasurer 
Mr.  Lycurgus  B.  Moore,  should  act. 

The  minutes  of  the  previous  meeting  were  then  read  by  Mr.  J.  C. 
Bayles,  who  had  acted  as  its  Secretary. 

The  nrinutes  were  approved  as  read. 

Mr.  Charles  T.  Porter  offered  the  following  resolution  : 

'•  Jiesolved,  That  the  Council  be  authorized  to  open  the  ballots  for 
members  proposed  at  the  first  general  meeting,  and  to  declare  the 
election  of  such  as  are  passed  according  to  the  rides  of  the  Society." 

Mr.  Porter  added : 

The  object  of  the  resolution  is  this  :  A  number  of  candidates  will 
be  proposed  at  this  meeting,  and  the  ballots  will  be  sent  out  to  the 
members  in  the  usual  manner  and  returned.  Our  rules  require  at 
present  that  these  ballots  shall  be  opened  at  the  next  general 
meeting,  but  it  is  desirable,  as  I  am  advised,  to  have  a  new  catalogue 
of  our  members  printed  before  the  next  general  meeting,  and  as  this 
action  is  formal  altogether,  the  election  or  rejection  being  deter- 
mined by  the  ballots  returned,  this  resolution  proposes  that  the 
opening  of  these  ballots  and  the  declaring  of  the  result  be  confided 
to  the  Council,  and  that  this  function  be  performed  by  them  imme- 
diately on  the  return  of  the  ballots. 

The  acting  Secretary  read  the  clause  on  the  Constitution  governing 
the  election  of  members. 

The  President — As  I  understand  this  resolution  it  jirovides  that 
the  Council  be  authorized,  on  the  receipt  of  the  returned  bal- 
lots, to  canvass  those  ballots  instead  of  waiting  till  the  next  meeting, 
the  resolution  to  take   effect  only  in  respect  to  such  ballots  as  are 


about  to  be  issued  and  in  order  that  a  new  catalogue  may  be  pre- 
pared. 

Mr.  H.  R.  Wbrthington — Would  it  not  be  in  contravention  of 
our  rules? 

The  President — It  would  be  in  contravention  of  the  rides,  but 
the  Society  is  authorized  to  traverse  its  rules  provided  it  so  votes 
in  full  meeting.  The  resolution  does  not  contemplate  anything 
more  than  counting. the  ballots  and  announcing  the  result. 

The  resolution  was  agreed  to. 

Mr.  Moore  presented  his  Report  as  acting  Secretary ;  also  his 
Report  as  Treasurer. 

ACTING  SECRETARY'S  REPORT. 

New  York,  November  4,  1880. 
To  the  Society  : 

In  view  of  the  fact  that  this  is  the  first  annual  meeting  of  the 
Society  for  the  transaction  of  regidar  business,  it  may  not  be  amiss 
to  recapitulate,  in  some  degree,  the  history  of  the  organization. 

The  preliminary  organizing  meeting  was  held  at  96  Fulton  Street, 
New  York,  on  Monday,  February  16th,  1880,  upon  the  invitation  of 
Prof.   John  E.  Sweet,  Prof.  R.  H.  Thurston,  and  Mr.  A.  L.  Holley. 

The  meeting  was  called  to  order  by  Prof.  Sweet,  upon  whose 
nomination  A.  L.  Holley  was  chosen  as  Chairman  and  Samuel  S. 
Webber,  Secretary. 

About  forty  gentlemen  attended  that  meeting,  some  coming  from 
as  far  West  as  Ohio,  for  this  special  purpose,  and  letters  were  read 
from  a  number  of  well-known  engineers  in  all  parts  of  the  country, 
whom  circumstances  prevented  from  attending  in  person,  expressing 
earnest  approval  of  the  formation  and  objects  of  the  proposed 
Society. 

Great  confidence  and  enthusiasm  were  manfested  by  all  present. 
On  taking  the  Chair,  Mr.  Holley  delivered  an  earnest  and  pointed 
address.  A  name  for  the  new  Society  was  then  chosen,  and  a  set  of 
Rules  was  submitted,  subject  to  revision  at  the  final  organizing 
meeting. 

Messrs.  A.  L.  Holley,  John  E.  Sweet,  Chas.  W.  Copeland,  E.  D. 
Leavitt,  Jr.,  and  Chas.  T.  Porter,  were  elected  to  serve  as  Committee 
on  Nominations.  The  meeting  then  adjourned,  subject  to  call  of 
the  Chairman. 

This  meeting  attracted  wide  and  favorable  notice  by  the  daily, 
technical  and  weekly  press  throughout  the  country. 

The  Chairman  of  the  foregoing  meeting  subsequently  appointed 
Messrs.  Henry  R.  Worthington,  Prof.  Wm.   P.    Trowbridge,  Mr. 


Eckley,  B.  Coxe,  Gen.  Q.  A.  Gillmoro.  and  Messrs.  Jackson  Bailey, 
M.  N.  Forney,  and  A.  L.  Holley,  to  serve  as  a  Committee  on  Rules, 
under  instructions  to  report  at  the  final  organizing  meeting. 

The  full  organization  of  the  Society  was  completed  at  the  meeting 
held  April  7th  last,  at  the  Stevens  Institute,  Hoboken,  N.  J. :  a  report 
of  these  rjroceedings  has  been  furnished  by  its  Secretary.  This 
meeting  also  attracted  very  favorable  notice  from  the  press  both  of 
this  country  and  of  other  countries. 

The  proceedings,  subsequent  to  the  April  meeting,  have  been 
varied.  The  names  of  jjersons  represented  at  the  organizing  meet- 
ings either  in  person,  by  letter,  or  by  prosy,  were  graded  by  the 
Council  in  pursuance  of  the  authority  vested  in  that  body. 

Messrs.  Henry  R.  Worthington,  Win.  P.  Trowbridge  and  Lycur- 
gus  B.  Moore  were  appointed  by  the  Council  to  act  as  a  Committee 
on  Publication. 

The  Treasurer  was  instructed  to  proceed  with  the  collection  of 
initiation  fees  due  from  the  various  classes  of  membership,  reporting 
from  time  to  time. 

The  Treasurer  was  also  instructed  to  act  as  temporary  Secretary 
until  a  permanent  Secretary  could  be  appointed. 

The  first  catalogue  of  the  Society  was  prepared  by  the  Committee 
on  Publication,  and  1,500  copies  were  distributed. 

A  number  of  new  applications  for  admission  to  the  Society  have 
been  received  and  submitted  to  the  membership  for  ballot  in  accord- 
ance with  the  Rules. 

Messrs.  Henry  R.  Worthington,  M.  N.  Forney  and  Charles  E. 
Emery  were  appointed  to  act  as  a  Committee  on  securing  rooms  for 
the  purposes  of  this  meeting,  and  the  Union  League  Theatre  was 
selected  by  them. 

Many  other  minor  arrangements,  including  the  preparation  and 
distribution  of  several  circulars  and  printed  forms,  have  been  made, 
looking  to  the  advancement  of  the  Society's  interests  in  connection 
with  this  meeting. 

A  large  amount  of  correspondence  and  miscellaneous  work  has 
been  attended  to  without  pecuniary  compensation  to  any  one  identi- 
fied with  the  Society. 

Mr.  J.  F.  Holloway,  of  Cleveland,  Ohio,  has  been  elected  by  the 
Council  to  fill  the  single  vacancy  existing,  through  resignation,  in 
that  body. 

By  special  resolution,  also,  Prof.  John  E.  Sweet  has  been  invited 
to  read  the  first  paper  read  before  the  Society,  in  view  of  the  emi- 
nent services  rendered  by  him  in  its  organization. 

The  present  membership  consists  of  two  life  members,  one  him- 


drecl  and  sixty-one  members,  seventeen  associates  and  nine  juniors, 
as  will  be  seen  by  reference  to  the  Catalogue. 

As  already  stated,  a  number  of  new  applications  for  admission 
have  been  submitted  to  the  Society  for  ballot,  the  result  of  which 
will  be  known  to-day. 

A  number  of  additional  names  have  been  passed  upon  favorably 
by  the  Council,  preparatory  to  balloting  by  the  membership,  while 
a  number  of  other  applications  are  still  under  consideration. 
Respectfully  submitted, 

LYCURGUS  B.  MOORE, 

Acting  Secretary. 


TREASURER'S  REPORT. 

New  York,  November  4,  1880. 
To  the  Society  : 

I  would  respectfully  state,  that  I  have  received  in  all  from  the 
membership,  $2,910.00,  derived  wholly  from  initiation  fees. 

In  the  absence  of  an  Auditing  Committee,  I  have  taken  the 
responsibility  of  defraying  the  running  expenses  of  the  Society  out 
of  the  funds  in  my  hands,  to  the  extent  of  $346.07,  which  expendi- 
tures have  been  duly  approved  by  the  Council  by  special  resolution. 
I  trust  they  will  be  as  freely  approved  by  the  membership  at  large. 

Of  this  sum,  $120.00  was  paid  for  three  day's  rent  of  the  Union 
League  Theatre,  under  the  terms  of  contract  made  by  the  Committee 
on  Rooms. 

The  greater  part  of  the  remaining  expenditure  has  been  for  printing, 
stationery  and  postage,  only  about  $12.00  having  been  paid  for  clerk 
hire  in  addressing  wrappers.  Bills  representing  these  expenditures 
are  appended. 

The  Society  now  has  in  bank  funds  to  the  amount  of  $  2,563.93. 

The  Society  owes  a  small  amount  for  printing,  bills  representing 
which  have  not  yet  been  rendered.  Some  little  indebtedness  also 
has  been  incurred  for  the  purposes  of  this  meeting,  for  which  no 
bills  have  yet  been   rendered. 

A  few  initiation  fees  are  yet  delinquent,  but  I  am  confident  that 
no  loss  will  accrue  to  the  Society  therefrom. 
Respectfully  submitted, 

LYCURGUS  B.  MOORE, 

Treasurer. 

Both  reports  were  duly  approved. 


The  following   resolution,  offered  by  Mr.  Holley,  was  adopted: 

"  That  the  President  be  authorized  and  directed  to  appoint  Stand- 
ing Committees  of  five  members  each,  of  whom  at  least  two  shall  be 
members  of  the  Council ;  said  Standing  Committees  to  be  as  follows  : 
Eooms  and  Conversazione ;  Arrangements  for  Regular  Meetings. 
The  duties  of  these  Committees  to  be  such  as  are  usual  and  are 
indicated  by  their  titles." 

The  President  stated  that  the  appointments  would  be  made  before 
adjournment. 

At  the  request  of  Dr.  Grimshaw,  the  Secretary  read  the  order  in 
which  the  papers  would  be  presented. 


[transactions  of  the  American  society  of  mechanical  engineers.] 

PRESIDENT'S   INAUGURAL    ADDRESS. 

Delivered  ;it  the  Annual  Meeting. 

BY    E.    H.   THURSTON,  A.  M.,   C.E..  PROFESSOR    OF    MECHANICAL    ENGINEERING    IN 
THE    STEVENS    INSTITUTE    OF    TECHNOLOGY. 


INTRODUCTION. 
Gentlemen  of  the  American  Society  of  Mechanical  Engineers: 

It  is  with  much  diffidence,  although  with  pride  and  pleasure  that 
I  have  do  desire  to  conceal,  that  I  appear  before  you  to-night  to  de- 
liver the  inaugural  address  of  the  first  President  of  this  Society. 

I  feel  the  greater  embarrassment  and  the  more  uncertainty  as  to 
the  justice  and  propriety  of  my  action  in  assuming  the  position  which 
your  too  favorable  judgment  has  given  me,  from  the  fact  that  I  am 
thoroughly  committed  by  sentiment  and  by  every  word  and  deed  of 
my  past  life,  to  the  principle  that  such  honors  should  be  accorded 
only  to  the  veterans  of  the 'profession,  many  of  whom  are  with  us  in 
person,  and  more  of  whom  are  with  us  in  sjm'it  to-day. 

That  is  a  good  saying— "Old  men  for  council  and  young  men  for 
war."  and  it  was  a  hope  that  its  spirit  should  be  carried  out  that  led 
me,  while  too  partial  friends  were  urging  my  own  candidacy,  to  seek 
the  election  of  one  who  stands  among  us  to-day  as  the  leading  expo- 
nent of  that  modern  engineering  practice  that  has  grown  up  within 
the  memory  of  very  many  of  those  who  are  with  us  here.  The  high- 
est honors  and  the  leading  positions  belong,  of  right,  to  those  among 
the  senior  members  of  the  profession  who  have  distinguished  them- 
selves in  earlier  times:  while  the  work  of  the  present  should  be  done 
by  younger  men  just  coming  forward  with  their  strength  and  their 
energy  unimpaired  by  the  struggles  and  the  strifes  that  have  marked 
the  experience  of  those  who  had  the  rough  work  of  the  past  to  do 
without  the  advantages  and  the  facilities  which  those  nobie  pioneers 
needed  far  more  than  we  who  have  found  so  much  of  our  work  already 
done  to  our  hand. 

The  gray-haired  and  gray-bearded  fathers  of  the  profession  are 
entitled  to  all  the  honors  that  can  be  accorded  them  ;  the  young  men 
are  entitled  to  the  hard  work  on  our  committees  and  elsewhere,  with 
an  assurance  that  age  will  come  to  them  quite  fast  enough,  and  that 
their  turn  will  then  come  to  receive  the  reward  of  well-doing  and  the 
deference  and  the  honor  due  to  age  and  experience. 


2  PRESIDENT  S    INAUGURAL    ADDRESS. 

For  myself,  I  desire  to  express  my  thorough  appreciation  of  the 
honor  accorded  me,  and  to  tender  my  earnest  and  heartiest  acknowl- 
edgments, with  the  assurance  that  I  shall  now  and  always  endeavor 
to  act  with  a  view  solely  to  the  best  interests  of  this  Society  as  a 
whole,  and  of  its  members  individually. 

I  hope,  and  feel  well  assured,  that  its  mission  is  a  great  one  and 
that  its  work  will  prove  to  be  of  a  value  fully  commensurate  with 
the  magnitude  of  the  interests  over  which  its  members  stand  guard. 

In  the  inaugural  address  which  I  propose  to  make  this  evening,  I 
shall  endeavor  to  consider,  as  briefly  as  I  may,  the  character  of  this 
association,  the  nature  of  its  work  and  the  methods  by  which  that 
work  is  to  be  done. 


ADDKESS. 

composition  of  the    society. 
Gentlemen  :-^- 

This  Society  has  been  founded  by  members  of  the  profession  of 
engineering  who  felt  that  there  has  long  existed  a  necessity  for  an 
organization  composed  of  men  directly  or  indirectly  connected  with 
the  work  of  mechanical  construction.  There  had  previously  existed 
no  society  in  which  the  work  of  the  Mechanical — or,  as  one  of  our 
honored  Vice-Presidents  had  proposed  to  call  him,  the  Dynamical— 
Engineer  could  receive  special  consideration. 

Hundreds  of  engineers  are  engaged  throughout  this  country  in  the 
work  of  designing  and  constructing  machinery  who  have  felt  the  need 
of  opportunities  to  meet  socially,  to  compare  their  own  ideas  with 
those  of  their  professional  brethren,  and  who  have  desired  to  place 
before  others  in  the  business,  their  plans,  their  discoveries,  or  the 
results  of  their  researches.  Several  of  these  gentlemen  finally  deter- 
mined to  make  the  attempt  to  effect  an  organization  which  should  be 
composed  of  mechanical  engineers,  of  those  who  are  interested  in 
mechanical  matters  and  of  others  engaged  in  kindred  pursuits. 

OBJECTS    OF    THE    SOCIETY. 

The  objects  to  be  attained  by  this  Society,  if  the  wishes  and  ex- 
pectations of  its  founders  are  carried  out,  are  the  promotion  of  "  the 
arts  and  sciences  connected  with  engineering  and  mechanical  con- 
struction," by  the  establishment  of  regular  meetings  to  be  attended 
by  members  of  the  engineering  profession,  and  by  those  whose  inter- 
ests and  pursuits  lead  them  to  associate  themselves  with  us,  at  which 
meetings  professional  papers  are  to  be  discussed,  and  such  other 
means  of  mutual  instruction  and  entertainment  are  to  be  adopted  as 
may  be  deemed  best  fitted  to  secure  these  objects.  It  is  further  pro- 
posed to  publish  and  to  circulate  among  the  members  of  the  Society 
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such  papers  as  shall  be  considered  of  sufficient  value  to  justify  pub- 
lication. 

It  is  hoped  that,  ultimately,  this  Society  may  become  useful  to  its 
members  by  gleaning  from  among  the  great  mass  of  technical  litera- 
ture, which  is  every  day  becoming  more  extensive  and  more  cumber- 
some both  at  home  and  abroad,  such  papers,  wherever  published,  as 
shall  have  real  value  to  the  mechanical  engineer,  and  presenting  them, 
either  in  full  or  by  abstracts,  to  its  own  members,  as  has  been  done 
lately  in  a  very  satisfactory  way  by  the  British  Institution  of  Civil 
Engineers. 

The  headquarters  of  the  Society  shoidd  be  to  all  its  members  an 
attractive  resort  socially,  and  occasional  conversaziones  will  probably 
be  found  a  useful,  as  they  undoubtedly  will  be  a  pleasant,  means  of 
securing  acquaintanceship  and  frequent  intercourse  among  members. 

The  Society  will  have  much  work  to  do  as  a  union  of  citizens  hav- 
ing important  interests  confided  to  them,  and  its  province  will  lie  no 
less  in  the  field  of  social  economy  than  in  that  which  has  reference 
only  to  the  individual  interests  of  its  members. 

Much  is  being  done  by  the  General  Government  in  the  develop- 
ment of  the  material  resources  of  our  country,  and  more  remains  to 
be  done,  in  all  of  which  work  our  members,  individually  and  collec- 
tively, have  an  especial  interest.  The  new  organization  of  the  Geo- 
logical Survey  is  such,  in  form  and  in  the  character  of  its  adminis- 
tration, that  we  hope  to  see  the  work  of  determining  the  value  of 
our  mineral  resources  done  with  maximum  rapidity  and  efficiency, 
and  we  are  all  interested  in  that  work,  especially  where  it  touches 
the  development  of  the  deposits  of  coal  and  of  the  "  useful  metals," 
the  ores  of  which  underlie  so  many  millions  of  acres  of  our  widely 
extended  domain.  The  work  of  determining  the  value,  comparative 
and  absolute,  of  the  metals,  and  of  alloys  of  the  metals,  which  are 
produced  from  those  ores,  was  entrusted,  a  few  years  since,  to  a  com- 
mission appointed  by  the  Government,  and  the  work  was  actually 
commenced ;  but  the  indifference  of  many  who  should  have  used 
their  powerful  influence  to  sustain  that  commission,  and  the  absence 
of  concerted  effort  when  action  was  most  needed,  led  to  the  aband- 
onment of  that  great  work.  This  Society  may  aid  other  professional 
societies  in  the  effort  which  they  intend  making  to  secure  the  re- 
sumption of  labor  in  that  direction,  and  its  aid  cannot  fail  to  be  very 
effective. 

Business  men  in  this  country,  have  hitherto  been  able  to  influence 
legislation  in  relation  to  matters  directly  bearing  upon  the  business 
interests  of  the  nation  far  too  little,  and  we  have  often,  and  some- 
times long,  suffered  from  the  effects  of  legal  enactments  made  by 
ignorant  legislators,  influenced  by  personal  motives  and  the  selfish 
advice  of  scheming  lobbyists.  This  will  be  corrected  when  business 
men  have  learned  to  organize  and  to  act  concertedly  whenever  the 
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business  of  the  country  is  liable  to  be  affected  by  legislation.  It  is 
their  right  to  be  heard  fully  and  patiently,  and  it  is  their  duty  to  take 
such  action  as  will  secure  for  them  due  consideration. 

This  Society  will  find  an  excellent  field  of  operations  here  and  in 
the  encouragement  of  all  the  useful  arts,  in  the  .intelligent  direction 
of  the  education  of  the  people,  and  in  the  enlightenment  of  our 
national  legislators  iu  regard  to  the  needs,  the  wishes  and  the  legal 
and  moral  rights  of  the  industrial  classes  in  our  country. 

It  may  even  be  hoped  that  the  time  may  come  when  we  shall  not 
again  see  the  memorials  of  the  leading  manufacturers'  associations, 
of  the  principal  professional  societies,  of  the  faculties  of  our  best- 
known  technical  schools  and  of  the  great  colleges  of  the  country, 
and  the  solicitation  of  committees  and  private  individuals  in  great 
numbers,  asking  the  appropriation  of  twenty  thousand  dollars  for 
the  purpose  of  determining  the  value  of  our  materials  of  construc- 
tion more  perfectly  than  private  individuals  could  do  it,  all  jjassedby 
without  notice,  while  the  same  committee,  refusing  this  small  amount 
or  a  national  object,  granted  a  lobbyist's  application  for  s ome  thous- 
ands of  dollars  to  purchase  a  useless  mass  of  cast  iron  to  deface  a 
public  park. 

The  organization  and  combined  action  of  the  members  of  this  So- 
ciety will  be  able  to  secure  the  investigation  of  many  important  prob- 
lems, such  as  are  familiar  to  every  one  in  the  profession  as  urgently 
pressing  for  solution. 

IMPORTANCE    OF    THIS    BODY    AND    ITS    WORK. 

Glancing  back  for  a  moment  ivpon  the  past,  and  observing  the  pro- 
gress in  all  branches  of  industry  which  has  been  the  result  of  the 
efforts  of  our  predecessors  and  of  our  professional  colleagues,  we 
cannot  fail  to  be  impressed  with  the  magnitude  of  the  interests  which 
are  entrusted  to  our  charge,  and  with  the  importance  of  doing  the 
work  which  we  are,  in  these  stirring  times  called  upon  to  do,  in  an 
honest,  earnest  spirit  and  with  our  utmost  skill,  and  we  shall  be  en- 
couraged to  press  on  hopefully  and  with  unflagging  courage. 

Ninety  years  ago  Samuel  Slater  settled  at  Pawtucket,  Ehode 
Island,  and  started  the  little  mill,  which  was  the  first  to  successfully 
spin  cotton  in  this  country — the  first  after  many  failures. 

To-day  we  raise  fifteen  hundred  millions  pounds  of  cotton  fco  sup- 
ply mills  in  every  New  England  State,  and  in  nearly  every  other  State 
in  the  Union,  as  well  as  to  keep  employed  thousands  of  working  peo- 
ple in  other  countries  ;  and  we  work  up  our  share  into  five  hundred 
millions  of  dollars  worth  of  manufactured  goods,  which  we  put  in  the 
market  at  a  price  so  low  that  the  very  beggars  in  our  metropolitan 
cities,  and  the  "  tramps  "  sleeping  in  our  fields  or  under  the  roof  that 
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shelters  our  cattle,  wear  a  finer  fabric  than  kings   could  boast  a  cen- 
tury ago. 

From  the  day,  in  1794,  when  the  first  rude  woolen  mill  was  estab- 
lished at  Newbury,  Mass.,  our  woolen  manufactures  have  grown  in 
extent  and  in  excellence  of  product  with  hardly  a  reverse,  until  to- 
day our  twelve  or  fifteen  thousand  sets  of  machinery,  handled  by 
nearly  a  hundred  thousand  of  the  most  skillful  operatives  to  be  found 
in  the  world,  produce  two  hundred  and  fifty  millions  of  dollars  worth 
of  goods,  which,  in  combined  cheapness  and  excellence,  compete  with 
the  best  work  of  Europe. 

We  have  seen  the  silk  manufacture,  after  struggling  with  difficulties 
of  every  imaginable  sort  for  a  half  century,  finally  secure  a  foothold, 
and  enter  upon  a  period  of  prosperity  which  is  as  marvelous  as  it  is 
encouraging.  The  enterprise  of  the  Cheneys  during  the  past  gener- 
ation, and  the  steady  persistence  and  courage  of  our  neighbors  at 
Paterson,  N.  J.,  have  borne  fruit  in  the  erection  of  two  hundred  and 
'  fifty  mills,  with  a  production  of  thirty  millions  of  dollars  worth  of 
silk  goods,  which,  in  strength  and  durability  excel,  and  in  beauty 
fully  equal,  the  finest  products  of  our  French  competitors  at  Lyons, 
the  great  center  of  European  silk  manufacture. 

In  the  iron  and  steel  manufacture  the  story  is  the  same.  We  have 
furnaces  which  are  supplied  with  every  desired  variety  of  the  best, 
ores  plentifully  and  cheaply,  and,  maldng  two  millions  of  tons  of  pig 
iron  per  annum,  to-day  are  practically  free  from  that  threatening  for- 
eign competition,  which  was  only  prevented  from  throttling  our 
manufactures  in  their  infancy  by  a  wise  policy  of  legislative  protec- 
tion, which  was  prompted  by  just  such  action  as  bodies  of  men,  like 
that  here  in  session,  can  most  intelligently  devise,  direct,  and  sustain. 

We  consivme  our  whole  product,  and  that  means  nearly  fifteen  per 
cent,  of  all  the  iron  used  in  this  world.  Of  our  enormous  coal  pro- 
duction— about  fifty  millions  of  tons  per  annum — a  large  fraction  is 
consumed  in  making  and  working  this  iron,  a  million  or  more  tons 
of  which  goes  to  market  as  wrought-iron  in  a  thousand  different 
shapes. 

The  growth  of  our  pneumatic,  or  Bessemer,  steel  production  is 
even  more  marvelous  than  that  of  the  industries  to  which  I  have  al- 
ready made  reference  ;  and  beside  it,  the  progress  of  other  steel-mak- 
ing processes  which  to-day,  nevertheless,  supply  seventy-five  thousand 
tons  of  steel,  much  of  it  equal  to  the  best  that  Sheffield  can  furnish, 
seems  hardly  to  claim  our  casual  attention.  Twenty  years  ago,  this 
beautiful  and  wonderful  illustration  of  the  marvels  of  chemical 
science  was  looked  upon  as  merely  an  interesting  and  curious  pro- 
cess, of  no  immediate  value,  and  of  most  uncertain  promise.  To-day 
a  single  establishment  is  making  a  hundred  thousand  tons  a  year, 
and  one  dozen  sets  of  converters  are  driven  to  their  utmost  capacity 
to  supply  a  demand  which,  consuming  one  hundred  and  seventy-five 
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thousand  tons  a  half  dozen  years  ago,  has  unceasingly  grown,  and 
they  have  now  probably  more  than  quadrupled  the  output.  The  in- 
crease in  production  of  the  standard  plant  is  a  most  interesting  and 
encouraging  feature  of  this  branch  of  industry.  A  plant  which  a 
few  years  ago  was  constructed  with  a  guaranteed  production  of 
thirty  thousand  tons  per  annum,  and  such  as  is  still,  in  all  countries 
in  Europe,  rated  at  about  the  same  capacity,  has  been  brought  to 
such  efficiency  that  it  has,  at  times,  been  known  to  work  up  to  three 
or  foiu1  times  its  guaranteed  rate  of  production.  Such  is  the  pro- 
gress that  we  owe  so  largely  in  this  direction  to  one  of  our  distin- 
guished colleagues  whom  you  have  made  a  Vice-President  of  your 
Society,  that  we  are  far,  very  far,  in  advance  of  all  other  nations  in 
the  manufacture  of  this  material  which  is  destined,  before  many 
years,  to  supersede  absolutely  that  comparative  crude,  weak,  brittle, 
and  expensive  material  which  we  call  wrought  iron. 

And  so  we  might,  did  time  permit,  trace  the  advances  of  other  de- 
partments of  manufacturing  industry,  and  see  the  work  of  our  fel-" 
low  workmen  in  every  direction,  aiding — indeed,  more  than  that  ef- 
fecting— in  all  these  many  ways,  the  advancement  of  civilization. 

POSITION   AND    PROSPECTS. 

The  position  of  our  country  to-day,  among  nations,  is  then,  emi- 
nently satisfactory. 

With  credit  restored,  with  agriculture  and  all  the  mechanic  arts 
flourishing  as  they  never  flourished  before,  with  every  mill  wheel  in 
operation,  every  steam  engine  doing  its  maximum  work,  with  nearly 
all  our  blast  furnaces  and  all  our  rolling  mills  working  to  their  full 
capacity,  with  all  the  steel  works  in  the  land  driven  beyond  their 
ability  to  supply  orders,  with  markets  for  our  manufactured,  as  well 
as  our  crude,  products  opening  in  all  the  countries  of  the  globe,  we 
seem  to-day  entering  upon  an  era  that  is  at  once  a  golden  age  and 
an  age  of  steel. 

Looking  back  upon  our  past  history,  we  have  seen  the  growth  of 
our  cotton  manufactures,  from  the  small  beginnings  of  Samuel  Slater, 
and  his  humble  rivals  in  a  New  England  village,  grow,  until  to-day 
many  mills  of  forty  thousand  srjindles  each  have  been  built,  and  the 
hiun  of  their  machinery  and  the  clatter  of  their  shuttles  make  music 
in  the  ears  of  two  hundred  thousand  thrifty  and  happy  working 
people.  From  absolute  dependence  upon  Great  Britain,  we  have 
grown  to  independence,  and  now,  more  than  ten  millions  of  spindles, 
and  nearly  a  quarter  of  a  million  looms  in  our  thousand  mills  supply 
Canada,  South  America,  and  even  China  annually  with  millions  of 
dollars'  worth  of  goods. 

Our  associates  have  made  this  country  the  most  prosperous  and 
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"We  call  from  all  lauds  their  most  enterprising  and  industrious 
workers,  and  we  send  to  all  lands  the  best  devices  for  creating  the 
most  essential  comforts  and  the  greatest  luxuries.  The  United  States 
is  looked  upon  as  the  home  of  all  ingenious  and  effective  "  labor- 
saving  "  devices  ;  this  is  the  natural  home  of  the  finest  wood-working 
machinery,  and  all  foreign  nations  imitate  our  designs  ;  the  American 
steam  engine  has  revolutionized  the  steam  engine  manufacture  of  the 
world  ;  the  introduction  of  navigation  by  steam  here,  led  to  the  con- 
struction of  steam  vessels  on  all  waters,  and  one  of  our  steamers — 
the  "  Savannah  " — was  the  pioneer  in  trans-oceanic  navigation  ;  our 
mowers  and  reapers  gather  the  harvests  of  every  field  from  Oregon 
to  Maine,  and  from  Great  Britain  to  the  most  distant  countries  of 
Europe,  and  are  even  seen  among  the  semi-barbarians  of  farthest 
Asia  ;  the  American  rotary  printing  press  sends  out  its  stories  of 
daily  life  and  its  records  of  the  history  and  of  the  knowledge  of  all 
peojiles  in  every  quarter  of  the  civilized  world.  And  thus  in  myriads 
of  ways  the  modern  civilization,  which  is  reaching  its  highest  de- 
velopment in  this  new  world,  is  reaching  out  to  touch  and  to  revivify 
every  other  nation.  It  is  of  this  civilization — -a  civilization  which 
seeks  directly  useful  and  practically  valuable  results — that  you,  and 
such  as  you,  are  the  vitally  essential  supporters  and  promoters. 

It  is  by  such  men  that  this  only  real  civilization — which  had  its 
origin  among  the  ruins  of  the  old  worlds  of  Greece  and  Rome,  and 
which,  checked  by  the  destruction  of  the  wealth  and  the  science 
schools,  the  arts  and  the  industries  of  the  Saracens — has  been  revived 
within  a  few  centuries,  and  given  its  wonderful  growth — a  growth 
which  is  still  going  on  with  ever  accelerating  speed.  It  is  by  such 
men  that  the  value,  the  absolutely  essential  necessity,  of  intelligent 
labor  has  been  forced  upon  the  world,  that  the  dignity  of  labor  has 
been  made  known,  and  its  acknowledgment  compelled  from  those  who, 
moulding  general  sentiment,  had  hitherto  associated  intellectual  labor 
with  manual  indolence,  and  had  despised  the  hard-working  mechanic 
and  every  mental  effort  which  led  to  other  than  non-utilitarian  ends  ; 
that  the  Eip  Van  Winkle  of  the  Middle  Ages  was  awakened  from  that 
slumber  of  a  thousand  years,  and  taught  to  work  the  printing  press, 
to  labor  at  the  forge,  and  the  loom,  and  to  educate  his  children  in 
such  a  manner  as,  by  j)rofitable  exercise,  to  develop  together  mind 
and  body,  and  was  given  the  power  of  making  life  worth  living,  while 
becoming  daily  better  fitted  to  live  the  truest  life. 

Such  men  have  taught  the  world  that  the  true  and  only  way  to 
secure  the  greatest  good  of  the  greatest  number,  to  obtain  the  bless- 
ings of  stable  and  wise  government,  to  secure  a  fair  and  ecpiitable 
distribution  of  all  those  forms  of  wealth  which  are  most  essential  to 
a  life  of  happiness  and  content,  to  obtain  for  all  an  equal  opportunity 
of  gaining  with  certainty  and  holding  safely,  the  best  fruits  of  intel- 
ligently directed  industry  and  to  bring  every  nation  most  promptly, 
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and  with  most  stability,  to  a  state  of  maximum  prosperity,  is  to 
educate  a  people  in  all  the  useful  arts  and  in  all  true  philosophy, 
training  mind  and  hand  together,  and  fitting  sonl  and  body  to  co- 
operate in  doing  the  wort  of  a  citizen  in  the  community.  We  have 
begun  to  learn  to  despise  mere  speculation,  whether  in  finance  or 
philosophy,  and  to  adopt  the  modern  system  of  philosophy,  which 
bases  knowledge  on  ascertained  facts  and  upon  logical  deduction 
from  such  facts ;  we  are  learning  to  abandon  those  old  habits  of 
thought  which  come  from  over-respect  for  ancient  methods  and 
philosophies,  to  turn  from  the  study  of  the  teachings  of  less  civilized 
times  and  jseoples,  and,  leaving  the  Greek  and  the  Roman  to  his  own 
half-knowledge  and  profitless  speculations,  to  devote  ourselves  to  the 
acquirement  of  real  knowledge,  by  directly  profitable  methods.  Ab- 
stract philosophy,  and  the  deductive  method  have,  at  last,  been 
thrown  down  from  the  pedestal  from  which  they  so  long  received 
the  homage  of  the  greatest  of  mankind,  and  the  inductive  method  of 
Aristotle,  of  Galileo,  and  of  many  truer  men  among  then-  disciples 
than  Bacon,  has  become  fruitful  of  all  that  tends  to  make  "  LUierte,  . 
JEgalite,  Fratemite"  words  having  true  meaning. 

And  this  is  the  situation  but  one  hundred  and  four  years  after  the 
foundation  of  our  government  and  the  birth  of  the  nation. 

The  class  of  men  from  whose  ranks  the  membership  of  this  Society 
js  principally  drawn  direct  the  labors  of  nearly  three  millions  of  pros- 
perous working  people  in  a  third  of  a  million  mills  and  other  manu- 
factories, are  responsible  for  the  preservation  and  profitable  utiliza- 
tion of  twenty-five  hundred  millions  of  dollars'  worth  of  capital, 
direct  the  payment  of  more  than  one  thousand  millions  of  dollars  in 
annual  wages,  the  consumption  of  three  thousand  millions  of  dollars 
worth  of  raw  materials  and  the  output  of  five  thousand  millions  of 
dollars'  worth  of  manufactured  products.  Fifty  thousand  steam 
engines,  and  more  than  an  equal  number  of  water-wheels,  at  their 
command,  turn  the  machinery  of  these  hundreds  of  thousands  of 
workshops  that  everywhere  dot  our  land,  giving  quietly  and  docilely 
the  strength  of  three  millions  of  horses,  night  or  day,  or  all  night 
and  all  day,  whenever  the  demand  comes  for  their  wonderful  power. 

This  Society,  when  it  shall  have  become  properly  representative  of 
such  a  class,  may  well  claim  position  and  consideration. 

It  has  been  by  the  work  of  men  whom  we  are  proud  to  claim  as 
brothers  in  our  own  and  kindred  professions,  but  whom  the  world 
has  not  always  honored  as  they  are  honored  to-day,  that  true  progress 
has  always  been  most  efficiently  promoted.  It  has  been  these  men 
who  have  been  made  gods  and  demi-gods  in  pre-historic  times. 
Vulcan  and  Thor,  the  Assyrian  Master  of  Works,  the  builders  of  the 
Pyramids,  Archimedes,  Hero  of  Alexandria,  Caesar's  engineers  and 
the  author  of  "  Theatrum  Machinarum,"  and  Leonardo  da  Vinci, 
artist  and  engineer,  and  a  hundred  later  and  equally  great  men,  are 
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entitled  to  our  homage  as  masters  and  teachers  in  a  profession  for 
which  we  may  claim  an  age  of  certainly  not  less  than  five  thousand 
years. 

Wyatt  and  Arkwright,  who  taught  us  to  spin  by  machinery  more 
than  a  hundred  years  ago,  and  Hargreaves  and  Crompton,  who  fol- 
lowed those  inventors ;  Jacquard,  who  perfected  the  pattern-loom, 
which  to-day  weaves  with  equal  facility  the  portrait  of  him  who  was 
"  first  in  war,  first  in  peace,  and  first  in  the  hearts  of  his  countrymen,'' 
and  the  most  beautiful  and  ingenious  combinations  of  form  and  color 
of  which  decorative  art  is  so  wonderfully  prolific  ;  and  Cartwright , 
who  first  harnessed  the  steam  engine  to  the  loom;  Hammond  and 
Heathcote,  who  made  the  stocking-loom  ;  Watt  and  Fulton,  and 
Stevens,  Fourdrinier,  Howe,  and  McCormick,  Whitworth  and  Sie- 
mens, and  Bessemer,  Hoe  and  Bullock,  Smith  and  Ericsson,  and  such 
great  names  g'itter  all  along  the  list  upon  which  we  are  glad  to  be 
permitted  to  inscribe  our  own  obscure  names,  while  the  name,  here 
and  there,  is  seen  of  a  great  mathematical  genius  like  Rankine,  and 
of  a  great  philosopher  like  Spencer,  shining  with  a  radiance  that 
never  comes  but  from  a  towering  intellect,  enlightened  by  wisdom  and 
sparkling  with  that  purest  brilliancy  which  is  acquired  only  by  study, 
and  thoughtful  labor  in  the  loftiest  atmosphere  of  human  thought. 

• 

THE    FUTURE. 

It  is  by  the  past  we  are  to  judge  the  future,  and  the  rapid  advances 
of  the  past  century,  in  all  branches  of  mechanical  science  and  the 
mechanic  arts,  are  simply  indicative  of  greater  advances  and  more 
rapid  acceleration  in  the  future. 

We  have  seen  greater  advances  made  in  all  the  great  industries 
diu'ing  the  past  century  than  during  a  dozen  centuries  preceding  it. 
The  progress,  which  to-day  apparently  culminates  in  the  light  and 
effective  reaping  machine,  cutting  in  one  hour  more  grain  than  our 
sturdy  grandfathers  could  reap  in  a  day,  making  the  clustering 
stalks  into  bundles  with  tireless  and  deft  metallic  fingers,  which 
bind  them  and  tie  them  as  cotdd  no  human  hands,  in  short,  almost 
a  miracle  of  human  ingenuity ;  in  the  sewing  machine,  which  has 
done  so  much  to  relieve  the  sad,  toilsome  monotony  of  the  life  of 
those  poor  creatures  whose  hard  fate  inspired  Hood's  "  Song  of  the 
Shirt,"  and  which  accompanies  American  mowers  and  reapers  to 
every  foreign  land,  there  to  do  one  of  the  truest  of  all  kinds  of  mis- 
sionary work;  in  the  spinning  and  weaving  machinery  which  has 
been  taught  to  produce  the  fabrics  that  comfortably  clothe  the  poor- 
est, as  well  as  the  richest  and  most  artistic  patterns  that  wealth  de- 
mands or  art  desires  ;  in  the  printing  press,  that  has  made  civiliza- 
tion and  educated  intelligence  possible,  and  which  is  the  great  safe- 
guard which  preserves  our  nation  from  retrogression,  from  internal 
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decay,  and  from  external  aggression  more  effectively  than  could  the 
armies  of  an  Alexander,  of  a  Csesar,  or  of  a  Napoleon,  which  supplies 
us  with  newspapers  printed  by  the  mile,  and  with  books  freighted 
with  all  human  knowledge  so  cheaply  that  the  poorest  in  the  land 
may,  at  the  sacrifice  of  the  least  of  his  few  indidgences,  read  the 
thoughts  of  the  wisest  men  of  all  ages,  and  learn  of  the  latest  and 
greatest  discoveries  and  inventions  of  this  age  of  wonders  by  the 
light  of  the  street  lamp,  or  of  the  dim  candle  that  faintly  burns  in 
attic  or  cellar;  in  the  steam  engine  that  drives  all  these  other  tri- 
umphs of  invention,  and  which  impels  the  great  trans-oceanic  steam 
ers,  carrying  thousands  of  tons  of  valuable  freight  and  hundreds  of 
precious  lives,  twenty  miles  an  hour,  accomplishing  the  three  thous- 
and miles  of  heaving  ocean  which  separates  us  from  the  mother 
country,  in  a  single  week;  which  transports  us  from  one  great  me- 
tropolis to  another  at  the  rate  of  a  mile  a  minute — that  progress 
which  thus  has  seemingly  culminated  in  a  perfection  of  invention  and 
a  fruitfulness  of  production  that  appear  to  us  impossible  to  greatly 
surpass,  has  really,  so  far,  exhibited,  we  may  be  confident,  but  the 
earliest  stages  of  an  onward  movement  that  is  like  the  motion  of  a 
meteorite,  attracted  toward  the  center  of  the  nearest  star  with  a  ve- 
locity which  increases  as  it  flies,  and  which  continues  to  increase 
without  lessening  and  without  fluctuating  to  the  very  end. 

We  are  now  called  upon  to  do  our  part  in  the  work  so  well  begun 
by  our  predecessors,  and  so  splendidly  carried  on  by  our  older  col- 
leagues during  the  past  generation.  We  have  for  our  work  the 
cheapening  and  improvement  of  all  textile  fabrics,  the  perfecting  of 
metallurgical  processes,  the  introduction  of  the  electric  light,  the 
increase  of  facilities  for  rapid  and  cheap  transportation,  the  invention 
of  new  and  more  efficient  forms  of  steam  and  gas  engines,  of  means 
for  relieving  woman  from  drudgery,  and  for  shortening  the  hours  of 
labor  for  hard-working  men,  the  increase  in  the  productive  power  of 
all  mechanical  devices,  aiding  in  the  great  task  of  recording  and  dis- 
seminating useful  knowledge ;  and  ours  is  the  duty  to  discover  facts 
and  to  deduce  laws  bearing  upon  every  application  of  mechanical 
science  and  art  in  field,  workshop,  school,  or  household. 

Every  member  of  the  engineering  profession  has  his  share  of  this 
work,  not  only  in  his  private  capacity,  but  as  a  member  of  a  great 
body  of  men  of  kindred  pursuits,  each  of  whom  may  be  rightfully 
called  upon  to  give  to  his  neighbor  of  his  own  light,  and  to  assist  in 
promoting  the  general  welfare. 

METHODS    OF    WORK. 

And  the  question  arises,  "  How  are  we  to  work,  and  what  is  wanted 
of  us;  what  is  the  best  method  of  advancing  this  department  of 
knowledge ;  what  method  is  most  truly  philosophical  and  most  pro- 
ductive of  results  ?" 
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The  question  is  soon  answered.  There  is,  as  I  have  already  else- 
where taken  occasion  to  show,  but  one  philosophic  method  of  ad- 
vancement of  science.* 

We  are  to  decide  upon  methods  of  working  and  upon  plans  in  de- 
tail, and  we  are  to  initiate  these  schemes  with  promptness  and  intel- 
ligence. 

We  must  seek  to  acquire  a  knowledge  of  the  facts,  to  understand 
natural  laws,  and  to  ascertain  their  positions  and  their  mutual  rela- 
tions in  nature's  code.  We  are  to  endeavor  to  hasten  the  appoach  of 
that  great  day  when  we  shall  have  acquired  a  complete  and  symmet- 
rical system  of  mechanical  and  scientific  philosophy. 

Our  methods  must  be  simple ;  they  must  be  comprehensive,  and 
they  must  be  productive  of  maximum  results  in  giving  our  industrial 
system  such  form  and  such  distribution  of  material,  that  its  work 
shall  be  done  with  highest  efficiency  and  economy. 

The  first  step  in  any  such  work  is  the  careful  collection  of  facts 
and  the  patient  study  of  all  phenomena  involved,  and  the  registry  of 
such  facts  and  phenomena  in  the  most  accurate  jjossible  manner,  and 
so  systematically  and  completely  that  they  shall  be  readily  and  con- 
veniently available,  and  in  such  shape  that  their  values  and  their 
mutual  relations  shall  be  most  easily  detected  and  quantitatively 
measured. 

In  this  work  we  need  the  aid  of  careful  and  precisely  -directed 
observation,  and  if  we  can  secure  the  assistance  of  men  whose  powers 
are  exceptional,  and  whose  skill  has  been  perfected  by  training  and 
experience,  and  who  are  prepared  by  habits  of  study  to  direct  such 
effort  and  to  supply  the  demand  for  the  application  of  knowledge 
already  acquired,  we  shall  find  our  work  immensely  facilitated. 

We  have,  therefore,  the  task  before  us  of  determining  what  are  the 
directions  in  wbich  investigation  is  most  needed,  and  to  decide  what 
path  research  shall  take.  We  are  to  find,  among  associates  and  col- 
leagues, men  well  fitted  to  undertake  such  work,  and  encourage  them 
to  take  up  the  labor  of  investigation  ;  we  must  find  for  these  self- 
sacrificing  students  of  science,  pure  and  applied,  means  sufficient  to 
enable  them  to  work  efficiently  and  productively  ;  we  must  learn  to 
narrow  the  gulf  which  has  separated  men  of  business  from  men  en- 
gaged in  study,  in  experiment  and  in  diffusing  useful  knowledge  ; 
we  have  to  exhibit  the  fact  that  a  community  of  interests  exists 
between  these  two  classes,  and  that  it  is  as  impossible  for  industry 
to  prosper  thoroughly  without  the  aid  of  the  investigator,  the  phil- 
osopher, and  the  inventor,  whether  of  a  machine  or  a  process,  as  it 
is  for  the  researches  progressing  on  all  sides  in  applied  science  to  go 
on  without  aid  from  those  whose  business  it  is  to  acquire  tangible 

'Vice-President's  address  before  Section  A  of  the  American  Association  for  Advancement 
of  Science  :  "On  the  Character  of  Physical  Science  and  on  the  Philosophic  Method  of  the 
Advancement  of  Science,"  at  St.  Louis,  1878;  Trans.  Am.  Asso.,  Vol.  XXVII. 
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■wealth.  He  who  gains  wealth  is  invariably  largely,  even  though 
usually  indirectly,  indebted  for  his  prosperity  to  hiin  who,  without 
thought  of  pecuniary  gain,  is  unselfishly  devoting  life  and  health  to 
the  attainment  of  scientific  knowledge. 

Science  and  the  most  £>erfect  art  can  only  flourish  when  assisted 
by  wealth,  and  wealth  can  only  come  with  least  sacrifice  to  a  country 
in  which  the  true  spirit  of  inquiry  is  awake  and  stimulating  investi- 
gation. The  more  nearly  men  of  the  world  and  men  of  science  are 
brought  together,  the  more  prosperous  are  all  classes,  and  the  hap- 
pier and  more  contented  are  the  people.  We  need  all — observers, 
discoverers  and  inventors  ;  explorers  of  all  fields  of  research;  stu- 
dents of  Nature's  facts,  and  codifiers  of  Nature's  laws  and  teachers  of 
all  applied  sciences,  as  well  as  workers  in  field,  in  workshop  and  in 
office.  And  we  must  have  men  who  seek  that  highest  honor  which 
comes  of  the  endowment  of  science — philanthropists,  like  Stevens* 
and  Rose,  and  Case,  and  a  hundred  others  who  are  not,  like  these, 
members  of  our  own  profession,  whose  gifts  have  been  the  most 
splendid  of  charities  and  the  most  beneficent  of  all  great  work. 

an  example. 

As  an  illustration  of  the  method  in  which  advancement  occurs, 
and  as  an  example  of  the  kind  of  work  which  remains  for  us  to  do, 
let  us  glance,  very  briefly,  at  the  history  of  that  greatest  of  modern 
triirmphs  of  mechanism,  the  steam  engine. 

Away  back,  twenty  centuries  and  more,  in  the  dim  past,  among 
the  first  faint  gleams  of  historic  civihzation,  we  see  the  germ  of  the 
invention  which  has  done  so  much  to  annihilate  space,  and  give  man 
illimitable  power  over  all  the  forces  and  treasures  of  nature— a  toy 
in  the  museum  at  Alexandria.  A  toy  it  remained  many  centuries  , 
until,  in  the  grand  awakening  of  three  centuries  ago,  its  latent 
power  was  discovered,  and  Papin,  and  Worcester,  and  Leibnitz,  and 
Huyghens  each  contributed  a  thought  in  the  progress  which  they 
thus  inaugurated.  A  hundred  and  fifty  years  ago,  the  "  steam  giant  " 
was  at  work  under  the  direction  of  the  intelligent  blacksmith  and  his 
comrade,  the  "  tinker,"  doing  much  for  the  mining  industry,  but 
nothing  elsewhere,  and,  hampered  by  ignorance  and  ill-cared  for  by 
his  masters,  wasting  a  vast  deal  of  now  utilized  power. 

Then  came  forward  a  genius  of  the  brightest  intellect,  a  mechanic, 
such  as  the  world  rarely  produces — James  Watt — and,  adopting  the 
truly  philosophic  method,  the  great  master  soon  taught  the  mighty 
servant  to  do  a  thousand  times  more  for  the  world,  and  to  labor 
with  wonderfully  greater  ease  and  economy.  Watt  first  collected 
his  facts.  He  dissected  the  model  of  the  Newcomen  and  Galley  en- 
gine, which  had  been  placed  in  his  hands  for  repair,  ascertained  the 
method  of  its  operation,  learned  what  were  the  advantages,  and 
what  the  disadvantages,  of  that  form  of  engine,  discovered  the  cause 
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and  extent  of  its  losses  of  power  and  efficiency,  and  once  these  were 
known,  his  grand  intellect  promptly  devised  remedies  and  improve- 
ments, and  the  steam  engine  of  to-day  is  simply  the  steam  engine  of 
James  Watt,  in  all  its  leading  features  and  in  all  the  principal  de- 
tails of  design.  Its  steam-jacketed  cylinder  is  Watt's  ;  its  parallel 
motion  and  its  guides;  its  crank  motion  — although  an  invention 
usually  ascribed  to  another — were  invented  by  Watt,  and  the  con- 
densing apparatus,  the  expansion  gear,  the  governor,  and  even  that 
wonderful  little  instrument,  the  "  indicator  " — the  engineer's  stetho- 
scope— all  came  down  to  us  from  the  same  source. 

Watt  learned  the  leading  facts,  and  made  the  greatest  modifica- 
tions of  plan,  while  it  was  reserved  for  our  contemporaries  to  con- 
tribute the  refinements  of  its  design  and  of  its  manufacture,  and  to 
study  the  more  deeply  hidden  principles  of  its  jjhilosophy,  and  to 
determine  more  definite  rules  for  its  construction  and  manage- 
ment. 

Those  of  you  who  have  been  familiar  with  the  design  and  con- 
struction of  steam  engines  during  the  past  twenty  or  thirty  years,* 
and  those  of  you  who  have  been  for  a,  generation  past  accustomed  to 
handle  this  miracle  of  art,  will  remember,  as  I  remember  well,  how 
we  learned,  at  a  very  early  period  in  our  experience,  several  cardinal 
points  of  practice  which  were  very  strongly  impressed  upon  us.  We 
soon  learned  by  experience  that  efficiency  was  gained  only  as  we 
learned  to  handle  higher  steam  with  properly  adjusted  expansion,  to 
work  our  engines  up  to  higher  piston  speeds,  to  cushion  heavily  when 
we  had  large  clearance,  to  reduce  that  clearance  to  a  minimum,  to  ad- 
just the  size  of  our  engine  to  its  work,  and  to  determine  the  point  of 
cut-uff,  under  proper  conditions  otherwise,  by  the  governor.  fWe 
learned  that  the  now  well-known  "  American  Automatic  Cut-off  En- 
gine," with  its  high  steam  and  moderately  large  expansion,  as  exem- 
plified by  the  "  Corliss  Engine,"  which  is  now  built  all  over  the  world, 
was  the  representative  of  best  general  practice. 

But  we  were  not  satisfied.  Twenty  years  ago  we  began  to  under- 
stand that  we  had  yet  to  perfect  the  philosophy  of  the  steam  engine, 
and  that  it  was  still  apparently  far  from  perfect  efficiency.  We  then 
discovered  that  while  our  best  engines  were  consuming  from  twenty- 
five  to  thirty  pounds  of  dry  steam  per  horse-power  per  hour,  the  me- 
chanical equivalent  of  the  heat  supplied  to  the  steam  in  the  boiler  was 
sufficient  to  give  about  a  horse  power  per  each  two  pounds  of  high- 
pressure  steam  per  hour,  and  hence  that  we  were  utilizing  but  one- 
tenth  or  one  fifteenth  of  the  heat  we  were  paying  for  when  we  settled 
our  coal  bills. 


*  Report  on  Machinery  and  Manufactures  at  Vienna,  1873.  by  R.  H.  Thurston,  etc.,  etc.. 
Wash.,  1875.    Progress  of  the  Steam  Engine. 

t  History  of  the  Growth  of  the  Steam  Engine  ;  International  Series  ;  N'.Y.,  1878,  p,  473. 
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Next,  we  found  that,  owing  to  the  fact  that  we  cannot  practically 
expand  down  to  a  pressure  lower  than  that  due  approximately  to  the 
temperature  of  surrounding  bodies,  that  we  must  therefore  discharge 
heat  unutilized,  that  the  larger  part  of  this  waste  is  unavoidable  and 
that  an  engine,  perfect  mechanically  and  working  within  the  maximum 
usually  practicable  limits,  must  waste  three-fourths,  and  can  return 
useful  effect  from  but  one-fourth  of  the  heat  supplied,  thus  placing 
the  practical  limit  under  known  conditions  at  about  eight  or  ten 
pounds  of  steam  per  hour  per  horse-power. 

And  here  we  stand  to  day  with  the  steam  engine  mechanically 
almost  perfect,  yet  with  a  theoretical  economy  of  about  eight  or  ten 
pounds  of  steam  per  horse-power  per  hour  while  consuming  actually, 
in  the  best  examples,  over  fifteen,  i.  e.,  with  an  efficiency  of  sixty  or 
seventy  per  cent. 

In  hot-air  engines  we  are  not  making  much  more  rapid  progress, 
and  our  field  of  promise  seems  to  be  still  in  the  improvement  of  the 
steam  engine. 

We  are  slowly  learning  other  facts.  We  know  that  the  great  ob- 
stacle in  the  way  of  attaining  nearly  theoretical  efficiency  is  the  trans- 
fer of  heat  from  the  steam  to  the  exhaust  side  by  initial  condensation 
and  re  evaporation  ;  we  are  discovering  that  high  speed  and  steam 
jacketing  tend  to  lose  their  efficiency  at  extremely  high  pressure  with 
.wide  ranges  of  expansion,  that  it  seems  possible  to  reach  a  point  in 
steam-jacketed  cylinders  at  which  lower  speed  may  tend  to  secure 
efficient  working  of  the  steam  ;  that  with  well-jacketed  cylinders  we 
may  get  good  performance,  as  we  to-day  judge  it,  with  slow  pistons  ; 
that  we  have  better  work  claimed  to-day  for  single  than  for  "  com- 
pound "  engines ;  *  the  minimum  yet  reached  under  fair  con- 
ditions for  economy  being  stated  to  be  by  experiment  as  1.54  is 
to  1.75,  while,  assuming  the  very  best  conditions  for  each,  it 
seems  certain  that  both  types  should  give  about  ecpially  good 
results. 

Here  is  where  we  stand  to-day,  and  it  is  from  this  point  that  we  are 
to  work  forward.  We  need  to  collect  more  facts  by  means  of  care- 
fully-devised experiments  like  those  of  Him  and  Hallauer  abroad, 
and  of  Emery,  and  of  the  Navy  Department  at  home ;  we  need  care- 
ful and  systematic  study  of  the  results,  and,  finally,  the  determination 
of  the  laws  of  steam  engine  efficiency  as  affected  by  steam  pressure 
and  temperature,  rates  of  expansion  and  compression,  character  of 
steam  jackets,  rate  of  piston  speed,  and  every  other  circumstance 
influencing  economy. 


*  Abstracts  of  Papers,  No.  1602;  Proc.  Brit.  Inst.  C.  E.  Vols.  LIII,  LIV.  It  would  seem 
that  where  slow  piston-speed  is  demanded,  as  usually  with  pumping  engines  or  where  two 
cylinders  are  needed  as  with  marine  engines,  the  "  Compound  "  engine  is  unmistakably  the 
best ;  while  where  high-speed  engines  are  permitted,  as  in  mills,  the  single-cylinder  may 
still  hold  Its  own  in  this  competition. 
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the  ethics  of  co-operation. 

This,  and  such  as  this,  is  work  for  some  of  us,  and  such  work  is  to 
be  done  in  every  one  of  the  many  branches  of  industry  which  are 
here  represented.  And  this,  too,  is  a  kind  of  work  in  which  all  can 
take  part,  fully  confident  that  the  good  work  shall  benefit  all  and 
shall  injure  no  one  member  of  the  human  race. 

That  great  member  of  our  profession,  that  engineer  who  has  be- 
come the  greatest  philosopher  of  oiu-  age,  or  indeed,  I  think,  of  any 
age — Herbert  Sjiencer — in  his  last  and  culminating  work,  the  "  Prin- 
ciples of  Morality,"  shows  us,  in  his  "Data  of  Ethics,"*  how  the 
natural  evolution  of  the  noblest  conduct,  as  traced  by  the  scientific 
mind  of  the  moralist,  accords  perfectly  with  that  dictated  by  the  nob- 
lest minds  and  best  men  of  all  times,  as  well  as  by  the  truest  Christian 
philosophers. 

The  great  moralist  shows  us  that  naturally  right  conduct — scien- 
tifically correct  conduct — toward  which  we  are  constantly  progress- 
ing, as  civilization  and  intelligence  advance,  as  well  as  righteous  con- 
duct, such  as  the  best  of  men  admire  and  teach,  leads  to  the  care  of 
self,  of  family,  of  friends,  of  fellow-citizens  and  of  mankind,  by  the 
individual  and  by  society,  in  such  a  manner  as  shall,  at  the  same  time, 
most  perfectly  protect  the  interests  of  each  individual,  while  to  the 
least  possible  extent  injuring  his  neighbor  in  the  process  ;  and  he 
further  shows  that  perfect  conduct,  whether  considered  scientifically, 
or  morally  and  religiously  adjudged,  will  be  attained  when  we  shall 
have  learned  to  fully  protect  and  preserve  self  and  family,  and  to  in- 
dividually attain  length  of  life,  perfect  health  and  unalloyed  happi- 
ness, while  yet,  in  the  same  degree  of  completeness,  promoting  the 
same  end  as  sought  by  each  of  our  neighbors  and  by  society  at  large. 

In  other  words,  when  we  shall  have  become  sufficiently  intelligent, 
and  sufficiently  good,  to  exhibit  "perfect  conduct "  in  all  our  rela- 
tions, we  shall  find  that  the  promotion  of  mutual  welfare  is,  in  the 
highest  degree,  consistent  with — and  that  it  is  only  consistent  with 
— the  highest,  the  most  perfect  system  of  mutual  co-operation  and 
mutual  aid  in  all  the  truest  and  highest  aims  of  life.  Then,  this 
point  reached,  life  will  really  become  "worth  living,"  and  mankind 
will  occujjy  a  place  very,  very  "little  lower  than  the  angels." 

This,  then,  is  the  fundamental  rule  of  action,  and  these  are  the 
principles  which,  we  may  hope,  will  always  guide  the  American  So- 
ciety of  Mechanical  Engineers  in  every  effort  to  aid  the  profession 
and  to  benefit  the  world. 


16  president's  inaugural  address. 

DISCUSSION. 

Mr.  0.  E.  Emery — I  was  not  aware  that  it  was  definitely  settled 
that  the  single  engine  was  doing  better  than  the  compound. 

Prof.  Thurston — The  fact  on  which  I  based  the  statement  was 
that  Farcot  has  recently  built  an  engine  with  which  be  is  said  to  get 
a  horse  power  with  a  pound  and  a  half  of  coal  per  hour,  and  that  the 
Woolf  engine  has  given  a  minimum  of  about  one  and  seven-tenths. 
The  best  records  I  have  found  of  the  compound  engine  are  thus  a 
little  better  than  the  best  records  I  have  found  of  the  single.  Some- 
times one  engine  comes  out  a  little  ahead,  and  sometimes  the  other 
engine.  It  is  probable  that  Farcot  also  had  the  best  boiler  he 
could  construct,  and  a  peculiarity  of  the  engine,  as  I  remember 
now — you  will  find  a  reference  to  it  in  the  abstracts  published  by  the 
British  Society  of  Civil  Engineers — is  that  he  reduced  his  clearance 
to  one  per  cent.,  which  is  the  lowest  figure  for  clearance  that  I  have 
in  mind,  and  that  has  something  to  do,  no/loubt,  with  this  economy. 

There  is  another  point  that  I  presume  may  be  referred  to.  I 
have  stated  that  possibly  a  lower  piston  speed  might,  in  some 
cases,  produce  a  better  economy  than  has  hitherto  been  produced. 
An  engine  has  been  built  by  one  of  the  best-known  builders  in  this 
country,  and  it  has  given  a  wonderful  result  in  economy  at  a  fail- 
speed.  I  am  sj^eaking  now  of  a  pumping  engine.  The  same 
engineer  has  also  built  an  engine  which  has  given  a  wonderfully  low 
result  at  very  low  speed.  Now,  another  engineer,  whose  name  I  am 
not  at  liberty  to  mention,  but  whose  engines  I  have  seen,  has  built 
an  engine  which,  with  piston  speed  of  only  ninety  feet  a  minute,  has 
given  a  high  duty,  and,  as  one  peculiarity  there  is  that  he  has  used 
higher  steam  pressure  in  his  jackets  than  in  his  cylinders.  His  is  a 
single  cylinder  engine.  If  you  secure  yourself  against  this  internal 
condensation,  you  are  pretty  independent  of  piston  speed ;  although, 
on  other  accounts,  I  should  prefer  myself  to  use  high  piston  speed. 
Another  fact  that  bears  in  the  same  line — we  have  had  a  trial  of  an 
engine  recently,  which  is  carrying  unusually  high  steam.  The  build- 
ers say  they  will  guarantee  a  pound  and  a  quarter  of  coal  to  tha 
horse  power.  It  was  found  that  the  amount  of  the  condensation  in 
the  high-pressure  cylinder  was  something  tremendous.  The  only 
solution  of  that  curious  problem  to  my  mind  is,  that  the  heat  could 
not  go  through  the  jacket  walls  fast  enough  to  supply  the  losses 
due  to  condensation.  The  steam,  striking  into  a  cold  cylinder,  had 
its  heat  taken  out  by  condensation.  If  that  engine  had  run  slower, 
it  might  have  given  a  better  economy.  The  actual  result  was  not  at 
all  encouraging.  Instead  of  getting  one  and  a  quarter  pounds,  we 
have  two  and  seven-tenths  pounds,  as  the  consumption  of  coal, 
and  about  two  pounds  of  the  combustible  part  of  the  fuel,  per  horse- 
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THE  FIELD  OF  MECHANICAL  ENGINEERING. 

BY  A.    L.    HOLLEY,   C.    E.,    NEW  YORK. 

[Opening  Address  of  the  Chairman,  at  the  Preliminary  Meeting,  Feb.  16,  1880.] 

Gentlemen:  Before  entering  upon  the  details  of  organization,  we 
should  briefly  consider  the  magnitude  and  the  character  of  the  work 
we  are  assembled  to  undertake;  and  what  I  shall  say  will,  perhaps, 
only  formulate  and  emphasize  your  own  views,  as  you  have  thought 
in  advance  of  this  meeting  and  of  its  objects. 

It  seems  very  remarkable  that  an  Institution  of  Mechanical  Engi- 
neering— which  underlies  all  engineering — has  not  long  ago  been 
organized  in  this  country  of  mechanical  engineers.  Probably,  how- 
ever, the  work  will  be  perfected  sooner  than  if  it  had  been  begun  earlier, 
because  the  material  for  active  membership  is  now  more  abundant, 
and  the  importance  and  the  methods  of  successful  organization  are 
better  known. 

We  define  engineering  as  the  science  and  the  art  of  utilizing  the 
forces  and  materials  of  nature,  and  we  observe  that  this  utilization 
is  accomplished  in  all  or  nearly  all  cases,  either  directly  by  machines 
or  by  processes  working  through  machines.  I  confess  that  in  think- 
ing over  the  range  of  mechanical  engineering,  with  reference  to  our 
proposed  society,  I  was  astonished  at  its  magnitude.  I  had  never 
realized  it  before. 

In  that  branch  of  the  profession  distinctively  called  civil  engineer- 
ing, and  pertaining  to  fixed  works,  how  largely  mechanical  engineer- 
ing underlies  both  the  structure  and  its  uses.  Take  the  canal;  it 
is  built  by  the  steam-dredging  machine,  the  machine-drill,  the  steam 
pump,  the  steam  derrick,  the  temporary  railway  with  its  locomo- 
tives and  cars.  The  completed  canal  is  operated  by  the  boat  which 
is  equally  machine-built,  and  usually  steam-propelled.  The  masonry 
fort  and  the  masonry  lighthouse  are  essentially  military  engineering 
works,  but,  however  much  science  their  planning  may  involve,  their 
construction  is  mechanical  engineering,  by  means  of  the  machine- 
drill,  the  steam-derrick,  and  steam  transportation. 
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In  bridge-building,  the  expert  tells  us  that  the  strain-sheet  is  not 
now  the  difficult  matter,  and  that  success  chiefly  lies — first,  in  good 
methods  of  joining  the  parts  with  reference  to  strain  and  expansion, 
and  second,  in  the  adaptation  of  special  tools  and  facilities  for  shaping 
and  preparing  the  work  cheaply,  and  without  injuring  it.  This  is 
all  mechanical  engineering. 

I  would  not  underrate — I  cannot  too  highly  magnify  the  wide  and 
profound  scientific  knowledge  employed  in  locating  and  planning 
these  vast  works  of  civil  engineering — the  canal,  the  harbor,  the  rail- 
way, the  tunnel,  the  pier,  the  breakwater — I  only  emphasize  the  fact 
that  our  own  profession  of  mechanics  and  dynamics  underlies  their 
construction  and  utilization — it  is  the  intermediate  power  between 
nature  on  the  one  hand,  and  the  artificial  structure  and  the  artificial 
work  done  on  the  other  hand. 

Passing  now  to  that  immense  department  of  engineering — mining 
and  metallurgy — it  is  almost  astonishing  to  find  how  completely  me- 
chanical means  and  processes  produce  its  results.  Geological  explor- 
ation of  the  most  highly  scientific  character  is  essential,  but  the  hydrau- 
lic engine,  the  machine-drill,  the  steam-pump,  the  steam-hoist  and 
steam-transportation  perform  the  work. 

In  metallurgy,  a  few  characteristic  examples  show  the  universal 
imprint  of  our  profession.  The  analyses  of  ores,  fluxes  and  slags  are 
indeed  indispensable,  but  it  is  the  elaborate  machinery  of  steam- 
blowing,  steam-hoisting  and  transportation,  and  the  vast  mechanism 
of  heating  apparatus,  that  produce  pig  iron.  The  furnace,  of  what- 
ever kind,  the  hot  blast  stove  either  of  pipes  or  of  bricks,  the  gas 
producer,  the  regenerator — in  short,  fire-brick  construction  at  large  is 
an  important  department  of  mechanical  engineering.  The  Bessemer 
process  is  the  grandest  exhibition  of  practical  chemistry  to  be  seen 
in  the  world,  but,  as  an  invention,  it  is  essentially  mechanical,  and  the 
means  of  carrying  it  out  involve  elaborate  and  ponderous  mechanism 
at  every  step — the  thousand  horse-blowing  engine,  the  hydraulic  lift- 
ing and  moving  apparatus,  the  interchangeable  parts. 

The  rolling  mill  is  throughout,  a  series  of  machines,  and  much  of 
their  work  is  of  the  most  difficult  character;  it  has  been  improved  by 
the  highest  mechanical  ingenuity  and  experience  in  many  countries, 
and  is  still  but  on  the  threshold  of  its  possible  development.  It 
involves  the  adaptation  of  steam  engines  and  boilers  under  peculiar 
environment;  of  roll  trains,  which  are  by  themselves  a  vast  depart- 
ment of  engineering;  of  power-handling,  finishing  and  transportation; 
and  of  the  utilization  of  fuel  under  varying  circumstances  and  on  a 
gigantic  scale. 
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We  need  not  dwell  on  the  similar  relations  of  mechanical  engineer- 
ing to  the  foundry,  to  the  forge,  and  to  such  immense  specialties  in 
iron  and  steel,  as  wire,  horse  shoes,  bolts  and  nuts,  springs,  agricul- 
tural tools,  cutlery  and  hardware  at  large.  What  thousands  of  special 
tools  and  machines  picture  themselves  in  our  minds  as  we  contemplate 
such  manufactures  as  these? 

The  railway  in  structure  and  working  is  all  mechanics  and  dynamics, 
however  great  may  be  the  civil  engineering  ability  displayed  in  its 
location  and  in  the  designing  of  its  fixed  works.  Railway  master 
mechanics  form  perhaps  the  largest  defined  class  of  mechanical  engi- 
neers; and  the  chief  engineers  of  railways,  in  their  chief  work  of  per- 
manent way  and  bridge  construction  and  maintenance,  deal  chiefly 
with  our  department  of  the  profession. 

The  locomotive  builder  is  called  to  practice  mechanical  engineering 
of  the  most  refined  and  comprehensive  type-. — the  economical  gener- 
ation and  use  of  steam  in  an  almost  flying  vehicle  of  minimum  weight 
and  maximum  power.  And  the  number  of  his  works  is  measured  by 
tens  of  thousands.  Does  not  the  car  builder  also  deal  with  machines 
on  the  most  comprehensive  scale — the  innumerable  wood-working 
tools  and  his  special  appliances  for  iron  work?  And  speaking  of 
wood-working  tools,  what  vast  mechanical  ingenuity  has  been  brought 
into  service,  and  what  vast  interests  are  represented  in  the  manufac- 
ture of  wood  in  all  constructive  and  ornamental  forms,  especially  in 
the  immense  department  of  furniture. 

In  these  leading  departments  of  industry,  which,  at  first  thought, 
the  public  would  deem  quite  outside  of  mechanical  engineering,  how 
completely  is  this  art  incorporated  with  their  every  detail.  The 
manufacture  of  textile  fabrics  is  a  conspicuous  example.  However 
indispensable  chemical  guidance  may  be,  the  whole  complex  system, 
including  the  application  of  chemistry,  is  mechanical.  The  same  i- 
true  of  those  vast  departments  of  industrial  art,  the  glass  manufac- 
ture, and  more  conspicuously  the  manufacture  of  paper.  And  is  it 
not  equally  true  in  the  case  of  gas  making  and  electric  lighting,  of 
pottery  and  brick  making,  and  of  chemical  manufactures  at  large? 

What  shall  we  say  of  architecture?  There  are  the  strictly  aesthet- 
ical  and  mathematical  elements,  but  the  construction — quarrying  and 
shaping,  foundry  and  forge  work,  excavating  and  hoisting,  are  me- 
chanical. Should  the  architect  and  the  civil  engineer  say  that  the 
men-  molding  and  assembling  of  members  is  not  worthy  of  a  pro- 
fessional name  and  status;  the  mechanical  engineer  may  reply  that 
the  mere  calculation  of  strains  from  known  formula',  and  the  mere 
grouping  of  conventional  forms,   is  no  more  worthy.     The  genius 


4  THE    FIELD    OF   MECHANICAL   ENGINEERING 

that  reaches  the  harmony  of  perfect  construction  and  perfect  beauty 
(which  are  interchangeable  terms)  in  Nature's  inert  materials,  may 
not  be  loftier  than  that  which  as  perfectly  utilizes  and  governs  her 
wild  and  capricious  forces. 

Modern  agriculture  is  but  a  world-wide  arena  for  the  operation  of 
machines;  these  and  the  machines  that  produce  them,  draw  upon 
many  departments  of  mechanical  engineering. 

National  defenses,  other  than  old  style  forts,  are  among  the  most 
conspicuous  types  of  machines;  for  the  modern  war-ship,  the  mod- 
ern gun,  and  the  modern  small  arm,  are  nothing  but  machines  of  the 
highest  classes.  The  almost  incredible  endurance  and  accuracy  of 
modern  ordnance  have  been  achieved,  as  their  grainiest  work,  by 
mechanical  engineers  who  were  most  successful  in  other  depart- 
ments of  their  art.  Ship-building,  even  more  than  bridge-building, 
is  conspicuously  within  the  range  of  our  profession. 

But  if  the  works  and  industries  we  have  enumerated  are  the  results 
of  our  mechanical  and  dynamic  science  and  art,  what  shall  we  say 
of  the  steam  boiler  and  engine — of  the  adaptation  they  involve,  of 
materials  to  the  economical  utilization  of  force — of  machines  to  the 
economical  production  of  complex  enginery?  This  greatest  depart- 
ment of  mechanical,  and  purely  mechanical  science,  is  alone  a  suffi- 
cient basis  for  the  establishment  of  such  an  institution  as  that  we 
have  .'is  i  milled  to  organize. 

In  thus  briefly  referring  to  the  leading  types  of  work  in  our  pro- 
fession of  mechanical  engineering,  and  in  enumerating  many,  but  by 
no  means  all  of  the  great  industrial  and  structural  arts  in  which  the 
aid  of  <>ur  profession  is  conspicuous,  if  not  vital,  I  suppose  that  I  have 
only  formulated  your  own  thoughts;  and  I  imagine  also  that  your 
review  of  the  scope  of  our  profession  was  as  surprising  to  you  as  it 
was  to  myself. 

We  should  also  briefly  consider  the  advantages  and  character  of 
our  proposed  organization. 

1st.  The  most  obvious  advantage  is  the  collection  and  diffusion  of 
definite  and  much-needed  information,  by  means  of  papers  and  dis- 
cussions. The  transactions  of  such  societies  are  now  about  the  only 
records  of  our  rapidly  changing  applications  of  science.  In  my  own 
department,  for  instance,  I  am  often  asked  to  name  a  book  on  mod- 
ern iron  and  steel  manufacture,  but  I  know  of  no  satisfactory  book. 
The  monographs  in  the  various  transactions  and  technical  magazines, 
are  the  current  literature  of  industrial  art. 

2d.  A  less  obvious,  but,  it  seems  to  me,  a  more  important  advant- 
age of  organization,  is  the  general  personal  acquaintance  thus  pro- 
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tooted,  and  by  no  other  means  promoted,  among  engineers  and  the 
business  men  associated  with  them.  It  is  not  only  a  reasonable 
supposition,  but  it  is  a  matter  of  history,  that  men  in  the  same  busi- 
ness, thrown  together  in  technical  and  social  meetings,  and  in  excur- 
sions among  engineering  works,  gradually,  and  often  quickly,  exchange 
friendship  for  jealousy,  and  helpfulness  for  rivalry.  The  grandest 
work  of  the  British  Iron  and  Steel  Institute  has  been  to  throw  open 
the  works  anil  processes  not  only  of  England,  but  of  France,  Belgium 
and  Germany,  to  the  observation  of  all  who  are  interested.  It  is 
being  found  out  that  fifty  men  can  impart  more  information  to  one 
man  than  the  one  can  impart  to  the  fifty;  and  the  one  is  only  too  glad 
to  show  his  hand  that  he  may  see  a  much  larger  number.  This  free 
exhibition  and  information  is  not  without  bounds,  nor  should  it  he; 
but  the  old  conservatism  has  passed  away. 

3d.  The  habit  of  writing  and  discussing  technical  papers  is  of  very 
great  importance.  It  engenders  habits  of  thought,  at  once  rapid 
ami  accurate.  Any  man  can  work  better  who  can  formulate  the 
merits  and  defects  of  work. 

The  kind  of  organization,  especially  the  criterion  of  membership, 
is  a  most  important  consideration.  In  the  American  Institute  of 
Mining  Engineers,  and  in  the  Iron  and  Steel  Institute  of  Great  Brit- 
ain, any  one  is  qualified  who  is  engaged  in  mining  and  metallurgy. 
The  advantages  of  the  association  of  business  men  with  engineers  in 
these  societies  are  notorious;  these  advantages  are  not  only  large 
memberships,  and  hence  large  incomes  to  devote  to  publications  and 
illustrations,  but  they  lie  chiefly  in  the  direct  business  results  of  bring- 
ing professional  knowledge,  capital,  and  business  talent  together 
and  'i'  the  most  favorable  circumstances. 

In  most  of  the  civil  engineering  societies,  the  aim  is  not  only  to 
promote  knowledge  by  means  of  papers  and  discussions,  but  to  estab- 
lish such  a  high  professional  standard  of  eligibility  that  membership 
shall  be  recognized  as  an  indorsement. 

Now  it  seems  to  me  that  all  these  ends  can  be  attained  in  one  society 
by  simply  calling  professional  men  members,  ami  fixing  a  high  stand- 
ard of  qualification;  and  by  an  equal  discrimination  among  appli- 
cants, making  those  associates  who  are  fitted  by  scientific  or  com- 
mercial ability  ami  relations  to  cooperate  with  engineers.  The  pro- 
fessional standard  is  thus  maintained,  while  the  other  enumerated 
advantages  are  gained.  I  can  see  no  objection  to  giving  an  asso- 
ciate all  the  privileges  of  the  society  except  the  name  of  member. 

Juniors  in  professional  experience  should,  as  is  usual,  be  provided 
for  by  that  classification. 
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Those  who  have  had  a  large  experience  in  the  management  of  such 
organizations  will,  I  think,  agree  with  me  that  the  Council  of  the  So- 
ciety should  pass  upon  the  qualifications  of  candidates,  who  should 
then  be  voted  for  by  the  scaled  letter  ballots  of  the  members  and 
associates. 

As  to  officers,  I  must  detain  you  with  a  word.  The  first  officers 
should  be  men  of  distinction  in  the  profession,  to  give  the  Society 
character  at  home  and  abroad — and  at  once.  They  must  also  be 
men  who  will  devote  time  and  money,  at  first,  to  the  building  up  of 
the  Society.  I  am  sure  that  the  start  of  five  hundred  or  a  thousand 
members  would  be  lost  if  the  officers  were  indifferent — if  they  had  not 
positive  enthusiasm  in  promoting  good  papers,  good  discussions,  good 
meetings,  and  an  interested  and  working  membership.  And  a  good 
Secretary  is  the  concentration  of  good  management. 

Meetings  should  not  be  too  infrequent.  The  Society  cannot  soon 
have  a  local  habitation.  The  Mining  Engineers  and  the  Iron  and 
Steel  Institute  have  none;  but  they  have  three  meetings  a  year  in 
different  parts  of  the  country,  which  give  distant  members  home 
facilities  from  time  to  time,  and  keep  up  the  Society  interest.  Fre- 
quent local  meetings  are  necessarily  small  and  often  spiritless;  mem- 
bers are  not  stimulated  to  write  or  to  discuss. 

Finally,  the  rapid  and  healthy  growth  of  the  Society  will  largely 
depend  on  the  character  of  the  first  few  years'  papers.  With  men  of 
work  and  of  note  for  earl}'  officers,  and  a  goodly  number  of  really 
important  and  well-written  papers  at  the  start,  the  success  of  the 
Society  of  Mechanical  Engineers  is  assured. 
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THE  METRIC  SYSTEM— IS  IT  WISE  TO  INTRODUCE 
IT  INTO  OUR  MACHINE  SHOPS? 

BY    COLEMAN    SELLERS,    M.    E. 

Read  at  the  Annual  Meeting,  1880. 

The  organization  of  a  Society  of  Mechanical  Engineers  offers  a 
convenient  and  fitting  opportunity  for  the  presentation  of  the  views 
of  a  mechanical  engineer  on  the  subject  of  the  metric  system  to 
members  of  his  own  profession,  and  to  those  who  are  similarly  inter- 
ested. During  the  month  of  May,  1874,  I  had  the  honor  of  reading 
before  the  American  Railway  Master  Mechanics'  Association  a  paper 
on  "The  Metric  System  in  our  Workshop  :  will  its  value  in  practice 
be  an  equivalent  for  the  cost  of  its  introduction?"  In  that  paper  I 
treated  the  subject  miinly  in  reference  to  its  cost.  From  what  has 
since  been  published  by  those  who  advocate  the  enforced  substitu- 
tion of  the  metric  system  for  the  weights  and  measures  in  common 
use  in  this  country,  it  is  evident  that  the  subject  will  bear  to  advant- 
age a  different  treatment.  I  now  propose  to  supplement  the  ques- 
tion of  cost  by  an  endeavor  to  show  that  the  system,  per  se,  is  not 
so  well  adapted  to  the  wants  of  machinists  as  is  the  one  now  in  use, 
and  that  its  enforced  introduction  will  do  harm  to  our  industries  in 
place  of  doing  good. 

In  addressing,  to  the  members  of  the  American  Society  of  Me- 
chanical Engineers,  arguments  in  opposition  to  any  compulsory  legis- 
lation in  this  direction,  I  feel  that  I  am  speaking  to  men  who  are 
familiar  with  the  subject  and  who  have  already  given  thought  to  the 
results  likely  to  obtain  from  the  proposed  change  in  the  system.  I 
feel,  too,  that  I  am  speaking  to  those  whose  habit  of  thought  fits 
them  to  consider  the  subject  without  bias;  mechanical  engineers,  of 
all  men  using  weights  and  measures,  are  the  ones  most  eager  to 
adopt  what  in  the  end  will  be  of  most  use.  To  them  weights  and 
measures  are  not  abstract  ideas,  but  tangible  substances.  Engineers 
make  the  machines  for  weighing  and  measuring,  and  the  result  of 
their  use  of  those  machines  exists  as  fixed  matter,  costing  millions 
upon  millions  of  dollars. 

To  the  great  bulk  of  mankind  engaged  in   trade,  in  buying  and , 
selling,  in  bartering  and  exchanging,  it  matters  little  what  system 
they  adopt ;  it  matters  little  whether  they  are  obliged  to  use  a  yard- 
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stick   or   a   meter   rod,  pounds  or   kilogrammes,    quarts    or  liters. 
The  cost  to  them  of  a  change  from  one  to  the  other  is  the  cost  of ' 
the  few  devices  needed  in  weighing  and  measuring ;  the  rationale  of 
the  system  may  never  enter  their  thoughts. 

With  the  machinist  the  case  is  different.  He  must  not  only  pos- 
sess costly  means  of  measuring  and  weighing,  with  a  degree  of 
exactness  unknown  to  others,  but  the  results  of  these  weights  and 
measurements  are  fixed  and  unalterable.  Enormous  expenditures 
on  tools,  on  drawings,  on  patterns,  on  everything  he  uses  in  making 
or  building  his  machines  are  on  what  is  involved  in  the  primary  sys- 
tem used  in  determining  weight  and  size.  The  product  of  this 
expenditure  means  everything  that  makes  modern  civilization  possi- 
ble. I  propose,  in  this  paper,  to  consider  the  subject  only  as  it 
relates  to  our  own  profession ;  not  in  regard  to  its  effect  on  the  gro- 
cer, the  dry-goods  man,  or  on  the  druggist.  I  propose  to  show  why, 
after  nearly  twenty  years'  constant  use  of  the  metric  system  of 
measurement,  I  record  my  opposition  to  any  enforcing  legislation  in 
this  direction,  because  the  metric  system  is  not  well  adapted  to  the 
practice  of  the  machine  shop. 

To  render  my  arguments  of  any  value  I  must  endeavor  to  express 
myself  so  as  to  be  understood  by  those  who  are  not  mechanics,  and 
must  crave  the  indulgence  of  my  associates  for  dwelling,  as  I  shall 
have  to,  on  details  so  familiar  to  them  and  for  making  my  explana- 
tion of  the  usages  of  the  workshop  so  elementary. 

For  nearly  twenty  years  one  large  department  of  Wm.  Sellers  & 
Co.'s  establishment  has  been  worked  on  the  metric  system,  as  thor- 
oughly as  the  system  can  be  worked  in  any  machine  shop  ;  as  thor- 
oughly as  it  is  worked  in  France  or  Germany.  The  drawings  made 
for  this  department  are  to  the  metric  scale,  figured  in  millimeters. 
The  small  tools  and  gauges  are  to  metric  measurement  only,  and  the 
product  of  the  shop  is  scaled  to  metric  sizes  and  called  by  names 
based  on  those  sizes. 

During  all  these  years,  and  for  many  years  before,  we  have  taken 
pains  to  inform  ourselves,  so  far  as  lay  in  our  power,  as  to  all  possi- 
ble good  to  be  derived  from  the  system,  in  the  drawing  room  as  well 
as  in  the  shop.  We  inquired  into  its  defects  and  endeavored  to 
overcome  them  by  the  same  means  as  are  resorted  to  in  metric- 
using  countries.  The  system  is  urged  by  theorists  as  a  perfect  sys- 
tem. All  nations,  we  are  told,  should  adopt  it  to  bring  about  a 
desirable  unity  in  weights  and  measures,  even  if  all  cannot  be  made 
to  speak  our  language  and  all  cannot  be  equally  good  and  pious,  as 
measured  by  some  international  scale  of  goodness  and  piety. 

The  metric  system  was  legalized  here  in  May,  1866.  Some  of  its 
enthusiastic  advocates  now  urge  its  being  made  exclusive  and  obliga- 
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tory.  Societies  are  organized  to  teach  its  principles  to  the  people, 
and  much  money  has  been  expended  in  publishing,  but  up  to  this 
time  few  conveniences  have  been  placed  in  the  hands  of  mechanics 
to  enable  them  to  use  it  in  their  calculations.  Some  years  ago  (the 
conditions  remain  the  same  to-day)  letters  addressed  to  leading 
publishing  houses  asking  for  metric  books  in  the  English  language, 
equivalent  to  those  to  which  we  constantly  refer,  which  books  are  as 
necessary  to  us  as  are  our  other  tools,  failed  to  bring  a  single  favor- 
able answer.  What  was  asked  for,  was  some  book  in  which  formulae 
shall  be  given  in  the  most  convenient  form  expressible  in  relation  to 
the  metric  nomenclature.  Many  books  can  be  found  urging  its 
merits  as  a  system,  and  the  writers  of  these,  in  showing  (? )  that  the 
metric  system  can  be  learned  entire  in,  say,  fifteen  minutes,  may  think 
they  have  done  what  is  needed,  but  no  book  yet  published  in  the  Eng- 
lish language,  so  far  as  I  have  been  able  to  learn,  even  approximates 
to  what  is  required.  We  have  nothing  like  the  handbooks  published 
in  Gennan.  These  Germans,  in  teaching  their  people,  gave  side  by 
side  in  these  almanacs  of  mechanics  the  formula)  expressed  in  Prus- 
sian inches  and  in  meters.  When  the  year  1880  came  around  they 
dropped  the  Prussian  inch  from  these  books  when  it  was  possible  so 
to  do.  There  are  many  very  good  books  of  tables  for  the  ready 
conversion  of  the  measurements  of  one  system  into  the  other,  but 
unless  an  engineer  is  as  familiar  with  the  metric  system  as  with  his 
own  they  aid  him.  but  little.  On  the  other  hand,  our  English  work 
books  are  many  and  valuable.  The  great  bulk  of  literature  of 
primary  importance  to  mechanical  engineers  is  in  English  and  ex- 
pressed in  feet  and  in  inches. 

The  absence  of  these  help  books  need  not,  however,  prevent  any 
one  familiar  with  the  metric  system  from  using  it  in  his  practice. 
If  he  can  think  in  the  new  system  he  can  work  in  it  too.  He  can  for- 
mulate what  is  directly  needful  to  him  if  he  will  take  the  time  and 
trouble  so  to  do.  The  absence  of  these  books  has  not  prevented  us 
from  using  it  or  familiarizing  ourselves  with  it,  and  had  it  proved 
worth  the  effort,  and  possible,  we  would  long  ago  have  placed  our- 
selves in  position  to  advocate  it,  as  none  can  knowingly  do  who  have 
not  tried  it.  In  designing  any  engineering  work,  proportioned  struc- 
tures can  be  produced  by  either  scale  ;  the  working  drawings  can  be 
then  made  to  whatever  system  obtains  in  the  shop  of  erection.  This 
change  from  one  or  the  other  system  in  the  drawing  room  is  a  mat- 
ter of  no  difficulty  whatever.  The  change  from  one  system  to  the 
other  in  the  workshop,  however,  involves  more  than  the  usual  advo- 
cates conceive  of. 

To  show  the  measure  of  the  misapprehensions,  as  regards  its  effect 
on  our  profession,  on  the  part  of  the  enthusiastic  advocates  of  the 
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exclusive  metric  system,  I  will  pass  by  some  lesser  lights  and  seek 
illumination  from  the  central  luminary. 

Mr.  Frederick  A.  P.  Barnard,  S.T.D.,  LL.D.,  who,  besides  being 
President  of  Columbia  College,  in  New  York  City,  is  also  President 
of  the  American  Metric  Bureau,  and  of  the  American  Metrological 
Society,  etc.,  etc.,  said,  Dec.  27,  1877  :  "  It  is  now  little  more  than 
a  dozen  years  since  the  movement  in  favor  of  the  reform  of  the  con- 
firsed  metrological  system  of  the  United  States  was  set  on  foot. 
Originating  with  a  few  advanced  thinkers"  (the  italics  are  mine) 
"  and  regarded  with  indifference  by  the  multitude,  it  encountered, 
as  it  is  the  fate  of  all  efforts  to  emancipate  mankind  from  the  bur- 
den of  traditional  evils,  to  encounter  a  much  larger  degree  of  oppo- 
sition than  of  encouragement."  Then,  after  denouncing  many  of 
those  who  oppose  the  forced  introduction  of  the  system  (see  page 
279  and  elsewhere  in  his  Metric  System)  he  says,  on  page  283  of  the 
same  book  :  "  Among  the  arguments  urged  by  those  who  maintain 
the  impossibility  of  change  only  one  appears  to  have  much  force, 
and  that  is  the  argument  drawn  from  the  dependency  of  machinery 
upon  minute  exactness  in  the  measurements  of  parts,  and  from  the 
great  expense  which  would  attend  the  adaptation  of  machine  shops 
and  machines  to  a  new  system."  Quoting  the  majority  report  of 
the  Franklin  Institute  as  t6  rjrobable  cost,  and  referring  to  the 
second  report  of  the  committee  of  the  New  York  University  Convo- 
cation, in  which  report  the  number  of  dimensions  requiring  sepa- 
rate indications  on  the  drawings  of  a  twenty-five-horse-power  steam 
engine  are  given,  he  continues :  "  Singularly  enough  these  state- 
ments, and  all  the  rest  of  the  same  class  in  both  the  reports  referred 
to,  instead  of  being  arguments  against  the  abolition  of  the  present 
metrological  system  and  the  substitution  of  the  metric  for  it,  afford 
the  strongest  reason  for  believing  that  that  is  precisely  the  thing 
which  ought  to  be  done.  We  desire,  I  suppose,  to  create  a  demand 
for  our  steam  engines  and  our  manufacturing  machinery  on  the  con- 
tinent of  Europe."  *  *  *  "Bat  a  steam  engine  or  a  machine, 
all  of  whose  parts  are  measured  in  English  linear  measures,  if  trans- 
ferred to  a  metric  country  and  there,  by  accident,  disabled,  becomes 
nearly  useless,  since  the  shops  of  such  a  country  afford  no  facilities 
for  repairing  it,"  etc.,  (the  italics  again  my  own). 

It  seems  needless  to  tell  engineers  that  these  statements  show  so 
entire  an  ignorance  on  the  part  of  Mr.  Barnard  of  the  merits  of  the 
case  as  can  scarce  be  credited  from  such  a  source.  I  feel  ashamed 
to  tender  to  him  an  explanation  of  what  is  involved. 

The  unit  of  measurement  used  in  making  a  machine  does  not  in 
any  way  complicate  the  repairs  of  that  machine.  Machines  built 
in  England  do  not  always   agree  with  any  of  our  even   sizes,  yet 
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this  discrepancy  is  a  matter-  of  no  moment  in  the  repairs  of  any  of 
them.  If  we  fail  to  find  sizes  corresponding  to  our  sizes  in  English 
machines,  presumably  built  on  the  same  scale  of  linear  measurement 
as  are  our  own,  neither  do  we  find  even  millimeter  sizes,  always,. in 
machines  from  France  or  Germany. 

Wm.  Sellers  &  Co.,  make  injectors  for  feeding  boilers.  They  make 
them  to  the  metric  scale.  They  were  doing  so  some  years  before 
Mr.  Barnard's  "  few  advanced  thinkers  "  went  into  the  metrological 
reform  business.  Their  instruments  are  made  from  drawings  figured 
in  millimeters  in  all  parts,  except  where  screws  and  screw  threads 
are  needed.  Screws  to  be  cut  on  existing  lathes  cannot  be  con- 
veniently figured  metrically,  unless  we  adopt  the  custom  of  some 
German  shoj3S  to  figure  in  one  dimension  and  make  gauges  to  some 
other  one.  A  screw  bolt  in  Germany  called  25  mm.  diameter  must 
be  made  2.5.4:  mm.  size  to  conform  to  the  screw  system  in  use  there; 
it  will  have  8  threads  per  inch  and  consequently  S  threads  per  diam- 
eter (I  will  explain  this  later).  Screws  cannot  be  metrically  divided, 
until  metrically  divided  lead  screws  have  been  originated  and  put  in 
the  place  of  the  inch-divided  lead  screws  common  to  all  lathes  in  all 
parts  of  the  world. 

The  people  into  whose  hands  these  injectors  pass  know  nothing  of 
the  scale  of  proportions  to  which  they  have  been  made.  If  some 
piece  needs  repairs  and  its  shape  has  been  lost  by  wear,  it  is  needless 
to  say  that  a  knowledge  of  the  scale  woidd  give  no  clue  to  that  shape, 
but  from  some  existing  original  any  part  can  be  copied ;  to  copy 
requires  no  knowledge  of  the  scale  used.  Repairs,  too,  as  a  rule, 
require  deviation  from  original  size  to  compensate  for  wear. 

While  the  value  of  the  unit  of  measurement  may  be  of  little 
moment  in  repairs,  it  is,  however,  all  important  in  the  first  produc- 
tion of  machines.  This  leads  me  to  another  misunderstanding  on 
the  part  of  those  whom  Mr.  Barnard  classes,  I  presume,  with  his 
advanced  thinkers  ;  this  cleared  away  will  bring  us  to  the  position 
required  in  a  judicious  consideration  of  the  two  systems  in  their 
application  to  the  machine  industries  of  our  country.  I  quote  now 
from  a  pamphlet  by  Mr.  Persifor  Frazer  ;  this  pamphlet,  says  one  of 
the  Metric  Bureau  tracts,  "  coutains  more  points,  all  well  made,  than 
any  other  of  the  same  size  on  the  subject."  One  of  "  the  points  " 
was  suggested  to  him  by  the  reading  of  a  manuscript  paper  on  the 
subject,  said  to  have  been  written  by  an  American  engineer.  The 
point  made  is  this:  "Lengths,  breadths,  thicknesses,  capacities, 
and  weights  of  things  are  related  to  the  accomplishment  of  man's 
purposes  and  are  varied  to  conformity  with  the  inflexible  laws  of 
mechanics  for  different  motors,  strains,  and  materials ;  no  change  of 
system  will  alter  in  the  least  their  dimensions,  though  it  may  give 
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tlieui  different  names."  *  *  *  "The  grand  truth  of  mechanics 
is,  that  the  properties  or  dimensions  of  parts  of  machinery  to 
accomplish  any  given  purpose  will  be  unaffected  by  any  standard  of 
length  or  weight  applied  to  the  part."  This  is  a  very  good  point, 
sounds  well,  but  as  the  facts  are  not  exactly  as  stated  the  point  is  a 
dull  one.  No  workshop  in  the  land  is  or  can  be  equipped  with  minor 
tools  and  gauges  for  the  production  of  all  sizes  by  infinite  grada- 
tions. The  calculated  proportions  of  machines,  the  sizes  indicated 
by  "the  inflexible  laws  of  mechanics,"  are  sizes  which  must  be  made 
to  conform  to  the  nearest  existing  means  of  production  and  the 
merchantable  sizes  of  the  matter  to  be  worked  into  shape. 

In  shop  practice  and  in  mercantile  practice,  to  avoid  an  endless 
variety  and  confusion  of  sizes,  certain  dimensions  in  progressive 
order  are  adopted,  being  the  sizes  found  most  useful  and  most  sala- 
ble in  practice.  These  progressive  sizes  we  may  call,  in  order  to 
make  the  matter  easily  understood  by  "  advanced  thinkers  "  Shop 
sizes  and  Merchant  sizes. 

It  is  by  the  use  of  well-considered  ranges  of  shop  and  merchant 
sizes  that  the  maximum  of  convenience  is  obtained  at  the  minimum 
of  cost.  Hence  one  metrological  system  may  be  found  to  possess 
advantages  over  another  when  put  to  the  test  of  practice.  The  one 
that  is  best  in  affording  the  most  convenient  and  the  most  easily 
used  and  memorized  series  of  sizes  should  not  be  called  unphilo- 
sophical. 

The  resting  place  for  memory  in  the  American  series  of  shop  sizes 
is  the  inch.  The  inch  is  subdivided  by.  a  process  of  repeated  halv- 
ing down  to  1'ff  in  the  usual  grade  of  shop  and  merchant  sizes,  as  in 
bar  iron.  This  gives  16  sizes  to  the  inch  for  small  sizes ;  8,  4,  2  or  1 
to  the  larger  sizes. 

If  a  machinist  should  order  from  us  a  set  of  caliper  gauges  from 
|  up  to  2,  advancing  by  Jw,  and  from  2  up  to  4  advancing  by  £,  we 
are  at  once  informed  of  the  shop  system-  contemplated  in  his  work- 
shop. 

Calculations  based  on  the  "  inflexible  law  of  mechanics,"  as  read  by 
finite  man,  intimates  for  the  size  of  a  certain  part  of  some  machine 
a  dimension  3.95  inches  diameter,  the  prudent  engineer  has  possibly 
assumed  a  sufficiently  ampie  factor  of  safety  to  permit  him  to  select 
3f§  inches,  the  nearest  shop  size  below  the  theoretical  size,  3ff = 
3.9375  inches.  He  desires  to  use  this  shop  size,  because  4  inch  iron, 
an  obtainable  merchant  size  of  bar  iron,  will  clean  up  from  the  black 
to  this  size  ;  but  if  his  dimension  relates  to  castings  or  forgings  he 
may  select  4  inches  as  a  shade  stronger. 

Metric-using  people  have  ranges  of  shop  and  merchant  sizes  too  ; 
when  I  come  to  compare  their  possible  series  and  their  actual  series 
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with  our  own,  some  faint  glimmer  may  come  to  those  who  now  know 
nothing  about  the  matter  of  the  fact  that  our  unphilosophic  system 
is  not  so  very  bad  after  all. 

In  regard  to  what  is  involved  in  each  shop  size,  in  a  money  point 
of  view,  I  will  give  but  one  single  example.  The  inquiry  to  our 
own  tool-room  keepers  for  a  list  of  the  separate  devices  used  in  pro- 
ducing one  size,  viz.,  1^  inch,  brings  to  me  the  names  of  129  articles 
or  sets  of  articles,  such  as  drills,  reamers,  gauges,  boring  bars  and 
cutters,  taps  of  all  kinds  for  all  sorts  of  uses,  hardened  mandrels, 
'  etc.,  etc.  These  many  pieces,  costing  many  hundred  dollars, -repre- 
sent one  size  only.  They  tally  with  and  belong  to  the  dimension 
marked  1^  in  many  thousand  places  on  drawings,  which  have  been 
accumulating  for  years,  to  patterns  loading  down  our  pattern  lofts, 
to  gear  wheels  interchangeable  over  a  continent,  and  to  the  out-put  of 
our  factory  for  years.  So  important  in  an  economical  point  of  view 
has  come  to  be  these  shop-size  series,  that  machines  built  in  one 
shop,  if  to  be  reproduced  (not  repaired)  in  another,  must  be  redrawn 
to  conformity  to  the  shop  system  in  use  before  the  work  can  be 
begun  to  advantage.  Year  by  year  this  harmony  in  shop  sizes  in 
America  spreads  over  a  larger  area.  Entire  harmony  in  essential 
points  exists  in  many  of  the  leading  shops.  There  are,  however, 
examples  still  to  be  found  in  which  machines  built  in  one  shop  have 
no  dimensions  in  common  with  the  shop  sizes  we  use,  as  compared 
to  our  inch  series  or  our  millimeter  series,  for  toe  use  both.  The 
expert  recognizes  such  machines  as  having  been  built  to  gauges 
varied  by  the  judgment  of  the  master  workman,  or  by  the  more 
costly  method  of  fitting  one  piece  to  another  already  completed,  a 
process  not  admissible  in  any  well-regulated  machine  shop. 

A  good  workman  may  by  hand  construct,  we  will  instance,  a  sew- 
ing machine.  He  will  alter  and  try,  and  rearrange  its  parts  until  he 
has  satisfied  himself  with  the  result.  He  may  not  have  scaled  this 
ru  ichine  to  any  system.  It  goes  to  the  manufacturer  who  must  per- 
force change  some  of  the  wild-cat  sizes  to  conform  to  merchant  sizes 
of  the  material  to  be  used.  For  the  rest  he  may  be  content  to  fit 
gauges  and  templates  to  the  model  and  reproduce  it  in  minute  exact- 
ness. We  recognize,  however,  in  every  well-arranged  series  of  shop 
sizes,  and  in  the  means  employed  to  maintain  size,  the  highest  value 
of  possible  merchantable  good  workmanship,  for  in  such  possibil- 
ities we  recognize  economy  in  tools  as  well  as  in  work,  in  interest 
on  capital  and  in  wages.  This  system  has  been  growing  year  by 
year  in  spite  of  our  so-called  unphilosophical  metrology.  Eli  "Whit- 
ney, in  1798,  gave  a  lesson  in  this  direction,  when  he  began  to  make 
muskets  with  interchangeable  parts  in  Springfield,  Massachusetts, 
but  it  was  not  until  1855  that  the  English  Government  recognized 
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what  Whitney  had  done  by  importing  American  gun-making  ma- 
chinery. Since  Whitney's  time,  the  standard  system  has  been  car- 
ried into  all  branches,  not  only  of  our  own  trade,  but  into  all  the 
requirements  of  other  trades  as  well. 

The  metrology  of  the  American  shops  is  based  on  the  inch,  and  on 
it  only.  This  dimension  is  cut  up  into  minor  parts  by  halving  to 
any  degree  of  subdivision,  practically  in  shop  sizes  to  -^ ;  it  is  also 
divided  into  10  parts  and  into  12  parts  when  such  divisions  serve 
any  good  end.  All  such  divisions  have  their  uses  and  lead  to  no 
confusion.  The  inch  squared  is  the  base  of  our  strains  and  press- 
ures. The  inch  cubed  gives  us  capacities.  Later,  I  will  speak  of  12 
and  36  inches  squared  and  cubed.  This  one  unit,  the  inch  and 
pound  weight  of  7000  grains  Troy,  is  all  that  a  machinist  needs  to 
carry  on  his  business.  His  inch  is  the  same  inch  as  is  used  in  Eng- 
land and  in  the  Russian  machine  shops.  His  pound  is  the  poiind  in 
common  use  in  England. 

In  America  we  have  dropped  some  needless  weights  and  measures, 
just  as  we  have  seen  fit  to  drop  the  letter  u  from  some  of  our  words. 
We  do  not  use  in  the  machine  shop  the  ton  of  2240  pounds  nor  its 
quarter  or  its  hundred  weight ;  we  do  use  a  weight  called  "  ton  of 
2000  pounds.''  This  is  the  factor  weight  in  strains,  and  by  it  we 
sell  machinery.  Other  trades  may  retain  some  of  these  useless 
things  ;  I  am  speaking  only  of  machine-shop  practice. 

The  unit  of  measurement  in  France  and  in  Germany  is  the  milli- 
meter. It  is  not  and  cannot  be  the  meter  for  the  following  reason  : 
The  great  majority  of  all  sizes  used  in  the  construction  of  any 
machine,  whether  it  be  big  or  little,  are  less  than  one  meter.  By  the 
use  of  the  millimeter  only,  decimals  are  avoided.  8  millimeters 
must  be  written  8  in  the  millimeter  scale,  while  it  must  be  written 
.008  in  the  metric  scale.  This  is  reason  enough  ;  for  by  the  use  of 
millimeters,  only,  confusion  of  signs  is  avoided,  and  the  danger 
incident  to  decimals  is  avoided,  hence  all  drawings  are  figured  in 
millimeters  only,  up  to  dimensions  measuring  many  thousand  milli- 
meters. This  little  dimension  is  then  squared  and  cubed,  or, 
ten  or  one  hundred  millimeters  are  squared  and  cubed,  for  the 
uses  corresponding  to  our  squared  and  cubed  inch  and  foot.  As 
may  be  expected,  haj^py  coincidences  of  conveniences  are  found  in 
cither  system.  Thus  an  ardent  metric  advocate  instances  that  1  kilo 
to  the  square  centimeter  is  just  one  atmosphere.  We  say  15  pounds 
to  the  inch  is  an  atmosphere.  Neither  one  is  right,  but  the  15 
pounds  to  the  inch  is  1  per  cent,  nearer  right  than  the  other  is. 
For  a  machinist  who  seldom  uses  atmospheres  a  happy  coincidence 
on  the  other  side  will  be  of  more  service.  It  so  happens  that 
wrought  iron  bars  with  parallel  sides  measure  in  square  inches  of 
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this  section  just  one-tenth  of  their  weight  in  pounds  per  yard. 
Now,  inasmuch  as  "shapes"  in  iron  are  rated  by  the  pounds  per 
yard,  for  convenience  in  large  structures,  so  it  comes  to  pass 
that  when  we  know  the  weight  per  yard  of  any  wrought  iron 
"  shape,"  we  know  at  once  its  sectional  area.  Inasmuch  as  com- 
pression and  extension  and  factors  of  safety  are  involved  in  a  knowl- 
edge of  cross  section,  it  is  handy  to  be  able  to  find  it  so  readily — is  it 
not  ?  A  shape  iron,  80  poiuids  to  the  yard,  has  8  square  inches  area 
of  section.  If  it  is  good  for  10,000  per  square  inch  in  extension 
we  may  load  it  with  80,000  pounds. 

I  have  set  out  to  compare  the  two  scales — to  compare  the  two  units, 
rather,  after  an  experience  of  twenty  years  with  both.  The  inch  is 
25.4  times  larger  than  the  millimeter.  These  are  the  two  dimensions 
we  are  to  compare. 

We  will  begin  in  the  drawing  room.  Here  "  the  inflexible  laws  of 
mechanics"  find  their  first  expression  in  form  on  paper.  Few 
machines,  or  even  parts  of  machines,  can  be  drawn  full  size. 
Hence  comes  the  need  of  "  scales."  There  is  reason  in  all  things, 
even  in  scales.  The  unwritten  law  of  most  machine  shops  is  to  make 
every  drawing  as  large  as  possible^  as  near  full  size  as  the  nature  of 
the  subject  and  the  dimensions  of  the  paper  used  will  permit.  We 
have  in  our  drawing  room  about  125  drawers,  each  of  which  will 
take  in,  without  folding,  drawings  52  inches  (1320  mm.)  long  by  33 
inches  (840  mm.)  wide.  This  is  about  as  large  a  sheet  as  we  can  use 
to  advantage,  and  tracings  from  these  are  not  unmanageable  in  the 
workshop. 

For  metrical  drawings  we  can  use  the  following  scales  only  : 

Full  size  in  which 1  mm.  =  1  mm. 

One-half  size  hi  which £  mm.=  1  mm. 

One-fifth     "  "     2  mm.=  1  cm.  or  2cm.=  1  dm. 

One-tenth  "  "      1  mm.  =  1  cm.  or  1  cm.  =  1  dm. 

One-twentieth  size  in  which . .   5  mm.  =  1  dm. 

One-twenty-fifth  size  in  which  4  mm.  =  1  dm. 

One-fiftieth  "  "       2  mm.  =  1  dm. 

Down  to  the  one-tenth  scale  the  dimensions  can  be  read  from  a 
good  millimeter  rule,  for  the  one-twentieth,  the  one-twenty-fifth  and 
the  one-fiftieth  scales  must  be  constructed.  The  jump  from  one-half 
to  one-fifth  size  is  unfortunate.  Could  we  conveniently  quarter  the 
whole  size  we  wordd  have  an  increased  area  section,  a  matter  of 
much  moment.  The  4  of  10  inches  is  2  inches,  and  the  square  of  2 
is  4.  The  -\  of  10  inches  is  2£  and  its  square  is  6^,  a  gain  in  size  of 
over  50  per  cent.;  a  gain  in  comfort,  in  convenience  and  in  eyesight. 
Here  we  catch  the  first  glimpse  of  the  advantage  of  our  own  sys- 
tem ;  for  with  it  a  draughtsman  can,  from  an  ordinary  well-divided 
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inch  rule,  obtain  the  following  scales  :  Full  §,  ^,  £,  Jf,  £,  Jj,  ^,  fa, 
?S>  rV>  ¥4 — "12  gradations,  as  compared  to  7,  and  to  these  12  can  be 
added  with  perfect  ease  5  of  the  others,  making  17  in  all,  if  the 
preference  be  for  the  decimally-divided  inch,  a  scale  carried  in  the 
tool  box  of  every  machinist,  and  obtainable  from  the  two-foot  rule 
in  so  common  use. 

The  scale  series  in  most  common  use  is  that  of  \,  \  and  £ ;  this 
halves  down  from  whole  size  and  can  be  raised,  in  rapid  drawing,  by 
taking  off  diameter  sizes  from  one  drawing  and  using  them  as  radius 
dimensions  in  the  other,  a  process  impossible  between  J  and  \  sizes. 
'I  he  true  value  of  this  extended  series  of  scales,  with  its  peculiar 
advantages,  is  manifest  to  any  one  familiar  with  both,  and  admits  of 
no  dispute.  Is  it  a  wonder  that  draughtsmen  brought  up  under  a 
metric  rule  take  so  kindly  as  they  do  to  our  unphilosophical  sys- 
tem 1 

Drawing  is  but  a  small  part  of  the  engineer's  work.  More  or  less 
calculating  has  to  be  done ;  many  hours  must  be  spent  in  figuring 
strains,  estimating  weights,  determining  speeds  and  what  not.  This 
brings  us  to  the  test  of  convenience  in  calculation,  to  the  stronghold 
of  the  metric  advocates.  It  is  just  here  that  Dr.  Edward  Wiggles- 
worth  in  his  metric  tracts  comes  out  the  strongest  in  his  peculiar 
style.  He  says  that  Americans,  self-ruling,  are  really  too  lazy,  while 
merely  claiming  to  be  too  stupid,  to  use  the  system.  He  says, 
"  Shame  on  a  country  which  to  party  gives  up  what  was  meant  for 
mankind."  It  is  claimed  that  the  decimal  notation  of  the  metric 
rule  gives  greater  facility  in  calculating,  but  that  this  is  not  its  sole 
advantage. 

Mr.  Frazer  says :  "  Let  the  carpenter  or  mason  be  asked  how 
many  tons  of  water  a  structure,  whose  external  (I  guess  he  means 
internal)  dimensions  are  given,  by  his  rule,  will  contain,  and  they 
will  acknowledge  that  the  decimal  division  is  not  the  only  advantage 
of  the  metric  system,  but  that  another  is  the  perfect  relation  of  ex- 
tension, capacity  and  weight."  For  a  structure  5  feet  square  and  10 
feet  deep  the  carpenter  would  divide,  in  his  head,  250  by  32  and  say 
8  tons,  nearly,  or  7.8125  tons  exact  of  the  tons  of  2000  pounds  in 
use,  in  all  such  measurements.  The  metric  system  would  give  for  a 
nearly  similar  structure,  say  1.5x1.5x3  meters,  a  result  obtained  by 
multiplying  only ;  but  what  then  ?  This  problem  applies  to  water 
only.  If  these  spaces  were  to  be  loaded  with  bricks  the  metric  mul- 
tiplication must  be  still  further  multiplied  by  the  specific  gravity  of 
bricks,  thus  :  1.5x1.5x3x1870  =  12,622.5  kilos,  while  our  mason's 
sum  would  read  5x5X10x125=31,250  pounds  of  common  hard 
bricks,  with  an  ease  of  calculation  rather  in  favor  of  the  two-foot 
ule. 
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I  have  mentioned  the  innumerable  books  which  have  been  pre- 
pared, simplifying  processes  of  calcidations  by  tabulating  the  results 
of  experiments  on  the  basis  of  the  inch  unit.  Of  these  books  the 
English  experiments  form  a  large  bulk  of  the  valuable  engineering 
knowledge  of  the  world.  Hodgkinson,  for  example,  experimented 
with  the  crushing  resistances  of  various  substances,  and  the  result 
of  his  experiments  are  in  the  possession  of  all  engineers.  He  took 
samples  in  cylindrical  form,  1  inch  diameter,  2  inches  long  each,  for 
these  experiments.  Arrnengaud  cpiotes  these  experiments  and  tabu- 
lates the  results,  saying  they  were  obtained  by  Hodgkinson,  avec  des 
cylindres  de  0m0254  de  (Pre  mr  0808  m.  de  haut"  —  "lx2",  and 
from  tbese  he  deduces,  for  example,  that  ash  has  a  crushing  resist- 
ance of  from  610  to  653  kilos  per  square  centimeter. 

Mr.  Trautwine,  quoting  Eaton  Hodgkinson's  experiments,  also 
tells  us  that  ash,  weighing  from  45  to  53  pounds  per  cubic  foot, 
has  a  crushing  value  of  8600  pounds  per  square  inch.  Now,  1 
pound    per   square   inch=. 073077    kilo  per    square   cm.,  or  1  kilo 

per   square   cm.  =  14.2232  pounds  per  square  inch,  ~?  _       '  = 

about  605  kilos  to  the  square  cm.  Here,  from  Trautwine's  deduc- 
tion, the  metric-using  engineer  will  employ  605  as  a  factor  where  we 
use  8600  in  the  same  case.  He,  because  his  unit  of  measurement  is 
less,  or,  rather  requires  more  figures  to  express  it,  multiplies  these 
many  figures  by  a  lesser  factor,  while  we,  expressing  our  dimen- 
sions with  lesser  figures,  use  with  these  figures  a  larger  factor.  In 
other  words,  we  can  complete  our  calculation  sooner  because  we  are 
able  to  deal  with  the  largest  measures  compatible  with  convenience. 
We  can  use  the  cubic  inch,  the  cubic  foot  or  the  cubic  yard,  at  our 
pleasure,  just  as  the  mechanic  selects  his  tools  in  accordance  with 
the  extent  of  his  work,  and  don't  waste  time  driving  at  a  railroad 
spike  with  a  tack  hammer. 

I  have  before  me,  as  I  write,  French  books  and  German  books  on 
mechanical  engineering.  In  some,  both  French  and  German,  all  or 
nearly  all,  formulas  for  strains  are  expressed  in  kilos  per  square  cm., 
while  Prof.  Reuleaux,  i  nhis  many  valuable  books  of  reference,  seems 
to  adhere  to  kilos  per  square  millimeter.  Now,  to  test  the  matter 
of  convenience,  in  a  way  familiar  to  all  mechanical  engineers,  let  us 
go  to  Reuleaux  for  our  information  as  to  the  strength  of  cast  iron, 

in  the  familiar  equation   for  beams  of  W= —  Reuleaux  savs 

b  / 

the  value  of  s  may  be  taken  as  4  kilos  per  square  mm.  ;  this  equals 

400  kilos  per  square  cm.,  or  5689  pounds  per  square  inch.     Let  our 

example  be  a  cast-iron  beam  of  rectangular  section,  9  inches  deep, 

4  inches  wide,  and  10  feet  between  its  supports.     Given,  to  find  its 
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safe  load  in  the  middle:  Let  us  round  up  these  dimensions  into  a 
somewhat  snmlar  beam,  measured  in  mm.,  230X100X3000  Now 
&=230  or  9,  6  =  100  or  4,  L=3000  or  120. 

The  formula  then  reads 

4  X  4k  X100  x  230  x  230  _ 

.  6x3000  =470^  for  all  dimensions,  in  mm. 

or 

4x40Qkxl0x23x  23 

5X3qq  —for  all  dimensions,  in  cm. 

If  we  take  0  from  the  denominator,  then 

4x66.6x10x23x23 
300 
If  we  make  the  formula  good  for  cast  iron  only,  and  use  centime 
ters  m  the  numerat or  and  meters  in  the  denominator,  Zi^Z 
best  we  can  do,^6!^  for  caat  iron  =  ^Xl0x23x23 


1  3 


Compare   this    wi^t^X^Vhich     reduces     to  ***»«* 

oast  iron,  and  reads3  ^*i*  9  *  9 
10 
My  note  books  are  full  of  such  examples  as  this     it  i       i 
wish  to  test  this  matter  thorou^hlv  '      it  has  been  my 

could  follow  him  in  eitW.  ^   °™    ^"^  ™th  h^  ™ 

Cubic  inches  go  farther  than  cubic  millimeters    *    ,    tl,,    ■       , 

i»oh,  j.t  i,  the  cbie  f ITS  .         ,  T*  1"Be''  """'  "»  cubic 
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The  harmonious  relatiou  of  extension,  bulk,  weight,  and  all  that, 
conies  out  strongest  when  we  deal  with  distilled  water.  Away  from 
that  precious  fluid,  and  we  are  required  to  know  and  use  the  weights 
of  matter  as  the}'  relate  to  water.  I  must  confess  I  see  no  difference 
in  favor  of  hunting  up  in  books  the  sj>ecific  gravity  of  matter,  or  in 
looking  for  the  weight  of  matter  in  pounds  per  cubic  inch,  or  foot, 
or  yard. 

"With  distilled  water  engineers  have  little  to  do ;  when  they  note 
the  solid  matter  accumulating  in  their  boilers,  they  wish  they  had 
more  to  do  with  it.  In  hydraulic  calculations  the  weight  of  distilled 
water,  however,  may  be  near  enough  to  the  weight  of  the  water  they 
have  to  deal  with  to  enable  them  to  reap  all  the  advantages  desirable 
from  the  system,  did  not  the  small  units,  the  millimeters,  or  the 
many  figures  in  the  decimals  of  the  meter,  mar  the  result  in  a  labor- 
saving  point  of  view. 

The  value  of  the  drawing-room  system  is  tested  or  tried  when  the 
drawings  reach  the  machine  shop.  It  is  there  that  errors  are  found 
out.  An  incorrectly"  figured  drawing  costs  nothing  on  account  of  the 
errors  so  long  as  that  drawing  rests  quietly  in  its  drawer  ;  but  it 
costs  fearfully  when  the  error  is  discovered  in  the  partially  finished 
machine.  All  engineers  agree  on  one  thing,  viz.,  the  fewest  possi- 
ble figures  that  can  be  used  to  express  dimensions  clearly,  the  easier 
it  is  to  work  to  the  drawing,  and  the  less  liability  to  make  mistakes. 
Beautiful  as  is  a  decimal  system  in  calculation,  and  we  all  use  it, 
save  in  mental  arithmetic,  it  has  been  found  advisable  to  avoid  the 
use  of  decimals  as  far  as  possible  on  the  drawings  used  in  our  work- 
shops, even  in  metric-using  countries.  A  misplaced  point  is  an  easy 
error  to  make,  and  may  cause  no  end  of  trouble  and  expense. 

I  had  hoped  for  gain  in  the  drawing  room  from  the  use  of  metric 
scales;  I  expected  to  find  more  than  in  the  machine  shop;  I  have 
been  disappointed  in  both. 

In  the  machine  shop  we  come  to  test  the  value  of  shof>  sizes  and 
merchant  sizes,  or  rather  the  series  possible  in  both,  with  one  or  the 
other  system.  For  what  is  in  use  abroad,  we  look  to  Germany 
rather  than  to  France  for  information  useful  to  us,  inasmuch  as  in 
Germany  the  metric  system  was  taken  up  at  a  late  day,  and  was  in- 
troduced in  its  entirety  without  shock.  To  united  Germany  anything 
was  better  than  their  frightful  confusion  of  15  inches  in  use,  all  dif- 
fering from  the  inch  still  used  with  their  screw  threads,  and  differing 
from  the  inch  of  England.  The  metric  system  is  incomparably  better 
than  their  before  entire  want  of  any  uniformity.  With  us  the  matter 
is  very  different,  as  will  be  seen  more  clearly  as  we  advance.  We 
divide  our  unit,  in  practice,  into  just  what  parts  are  best  suited  to 
express  our  practical  wants,  and  the  system  in  our  machine  shops  is 
uniform  over  a  continent. 
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The  first  item  of  manufactured  matter  entering  the  machine  shop 
door  is  bar  iron.  The  merchant  sizes  of  round,  square,  etc.,  in 
America,  are  by  -fa,  by  J,  by  J,  etc.  In  Germany,  similar  bars  ad- 
vance in  size  by  1  mm.  up  to  40,  by  2  mm.  from  40  up  to  80,  and  by 
5  mm.  above  80.  This  system  is  memorizable  by  40  and  80 — by  1,  2 
and  5.  It  is  the  best  that  can  be  done  with  a  system  tied  up  to  an 
unhalvable  scale.  It  does  not  agree  with  the  English  or  American 
sizes  except  in  a  few  sizes.  The  system  of  bolts,  diameters  and 
threads  per  inch,  common  or  general  over  the  continent  of  Europe,  is 
that  known  as  the  Whitworth  system.  They  still  adhere  to  this 
system  as  they  do  to  the  English  system  of  gas  and  steam  pipes  and 
their  fittings.  The  Whitworth  system  pitches  its  threads  to  even 
numbers  or  half  numbers  per  inch  in  length.  These  pitches  are 
easily  obtained  from  the  lead  screws  of  all  lathes,  which  are  2,  4  or  6 
threads  per  inch,  as  a  rule.  Having  given  up  the  inch,  the  Germans 
formulate  their  threads  per  diameter  (see  tables  at  the  end  of  this 
paper).  For  the  names  of  the  bolts,  they  must  either  retain  their 
English  names,  and  call  a  25.4  mm.  bolt  one  inch,  or  they  must  call 
it  what  it  is,  25.4  mm.,  but  some  call  it  25  mm.,  and  make  it  .4  mm. 
larger.  This  inch  bolt  has  8  threads  per  inch,  and,  as  the  diameter, 
too,  is  1  inch,  it  can  be  said  to  have  8  threads  per  diameter.  A  1£- 
inch  bolt  measures  28.6  mm.  ;  it  may  be  called  20  mm.  size :  it  must 
be  cut  out  of  29  mm.  iron,  the  nearest  merchant  size,  with  a  loss  of 
, %, p  of  a  millimeter.  This  loss  don't  seem  much,  but  the  dies  which 
have  to  cut  it  off  tell  the  story  very  soon.  The  Whitworth  scale 
o-ives  the  same  pitch  to  1£  and  1|  screws,  viz.,  7  per  inch.  The  ex- 
clusive metric  shops  call  the  one  7 -J  threads  per  diameter,  and  the 
other  8£,  and  yet  they  are  practically  the  same  and  must  be  cut  with 
the  same  combination  of  change  wheels  on  the  lathe.  Here  is  a 
precious  example  of  what  comes  from  trying  to  harmonize  two  sys- 
tems under  one  nomenclature.  The  screw  system  in  general  use  is 
so  good,  it  has  been  so  long  in  use,  its  disturbance  would  shock  so 
many  interests,  that  it  is  unwise  to  give  it  up,  as  unwise  as  it  would 
be  to  adopt  the  American  gas-pipe  system  in  place  of  the  English, 
or  lor  us,  for  sake  of  uniformity  with  England  and  Germany,  we 
should  attempt  to  force  the  adoption  of  their  system  into  our  houses. 

[magine  the  hue  and  cry  if  some  "  benevolent  despot,"  for  the  good 
of  mankind  in  general  and  Europeans  in  particular,  should  direct  us 
to  change  our  "  fittings  "  to  English  standards,  none  of  which  would 
tit  the  pipes  we  have  in  our  houses.  Why,  we  are  even  vexed  enough 
if  we  are  sold  a  -'sleeve  "  which  will  not  fit  a  p>ipe  put  in  place  thirty 
years  ago. 

America  has,  for  the  last  half  century,  been  striving  in  its  own  way. 
towards  equalization  of  its  standard  sizes.      The  immense  railroad 
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industries  demand  this.  Standard  wheels  on  standard  axles — stand- 
ard lit  sizes  for  both — are  a1!  founded  on  an  inch  scale  of  sizes. 

Standard  shafting  for  mill  gearing  gives  a  good  example.  It  has 
been  demonstrated  that  bars  carefully  rolled  to  size  in  rounds  can  be 
reduced  to  turned  shafting  with  a  loss  of  li  mm.,  or  T1F  inch  to  the 
diameter.  Hence,  bars  2,  2£,  2£,  2^,  3  inches,  etc.,  are  made  into 
shafts  -jtg-  less  in  diameter,  sold  by  their  full  size  names,  i.  e.,  by  the 
name  of  the  iron  from  which  they  have  been  made  and  designated 
by  the  affix  "  shafting  size."'  A  2-inch  shafting  size  bar  measures  1-J-f 
inch,  and  a  pulley  ordered  to-day  with  an  eye  to  fit  a  21  or  a  4-inch 
shaft  made  thirty  years  ago  will  be  found  to  be  to  size.  Now  this 
American  shafting  sells  freely  in  Europe  and  no  one  complains  of  its 
size.  He  can  command  the  markets  of  the  world  who  can  make  the 
best  machinery  at  the  least  cost,  and  that  machinery  will  be  taken 
and  used  and  no  questions  asked  about  its  inches  or  its  millimeters. 

A  scale  of  shafting  sizes  so  uniform  and  so  easily  expressed  by  ^ 
up  to  3  j  and  by  ^  inches  to  sizes  above  3,  is  met  in  metric  countries 
by  the  ease  of  an  advance  by  5  mm.  only.  To  obtain  the  economy 
of  American  shops  their  shafting  sizes  should  be  1^  mm.  less  than 
their  name,  i.  e.,  a  100  mm.  shaft  should  be  made  98^  mm.  diameter, 
•but  the  Germans  have  seen  fit  to  retain  even  sizes  and  thus  are 
obliged  to  use  57  mm.  iron  to  make  a  55  mm.  shaft,  and  92  mm.  iron 
to  make  a  90  mm.  shaft,  while  on  still  larger  shafts  they  must  be  con- 
tent to  lose  5  mm.  at  each  turning.  Such  is  the  usage  now,  so  far 
as  we  can  learn. 

The  shop  sizes  in  America  harmonize  with  the  merchant  sizes  and 
with  convenience.  We  cannot  change  them.  It  wovdd  be  unwise,  I 
think,  to  do  so  in  face  of  the  obtainable  metric  sizes  if  we  could. 
One  other  example  of  good  and  bad  systems,  and  I  have  done  with 
tins  part  of  our  subject. 

An  essential  of  all  machine  shops  is  a  drill  system;  a  series  advanc- 
ing by  Jj  up  to  1  inch,  and  by  i  inch  up  to  2  inches,  is  equivalent 
to  an  advance  by  H  mm.  in  a  metric  series.  Such  an  advance  as  li 
mm.  is  impracticable,  because  it  must  be  memorized  entire;  it  affords 
no  holding  place  for  the  memory.  Twist  drills  were  first  made  in 
America ;  they  were  so  good,  so  useful,  that  American  drills  came  to 
be  the  rage  in  Europe.  After  a  time  good  makers  there  began  their 
manufacture.  I  will  mention  one  house,  founded  in  1834,  that  of 
Heilmann,  Ducommunn  &  Steinlen,  at  Mulhouse  (Alsace),  one  of  the 
best  known  houses  in  all  Europe.  They  make  twist  chills  from  10  mm. 
up  to  50  mm.,  advancing  by  1  mm.,  but  their  price  list  tells  us  that 
the  sizes  marked  in  bold  face  type  are  the  sizes  in  use  in  their  own 
shop.  These  sizes  are :  10,  12,  15,  18,  20,  23,  25,  28,  30,  32,  35,  37. 
40,  42,  45,  47,  50.     Here  a  series  of  sizes  approximating  the  English 
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ones  is  adopted,  but  it  is  a  series,  which  must  be  memorized  entire,  as 
its  advance  is  not  by  two  or  by  three  either, in  regular  sequence.  We 
cannot  question  the  wisdom  of  the  men  who  have  selected  these  shop 
sizes  to  meet  their  known  wants ;  they  rank  too  high  as  workmen, 
they  know  too  much  to  challenge  criticism.  Doubtless,  this  scale  of 
sizes  is  about  the  best  they  can  do  with  the  metric  system  ;  we  would 
not  tie  ourselves  to  it.  I  could  continue  the  list  of  practical  difficul- 
ties until  I  had  filled  a  volume.  They  run  through  the  entire  list  of 
all  that  goes  to  make  up  the  requirements  of  our  profession,  and 
show  how  unwise  we  would  be  to  change,  if  we  could  do  so  for  the 
sake  of  harmony  with  Europe.  We  have  not  adopted  the  Whitworth 
system  of  screws  in  America,  and  yet,  by  so  doing,  we  would  place 
ourselves  in  harmony  with  all  Europe.  We  recognize  objections  to 
the  system,  and  when  those  objections  were  clearly  pointed  out  by 
Mr.  William  Sellers,  and  he  proposed  a  system  free  from  the  objec- 
tions, his  system  was  accepted  by  the  committee  of  the  Franklin  In- 
stitute, and  then  by  many  departments  of  our  government.  Had  the 
metric  system  shown  itself  to  be  the  perfect  system  it  is  claimed  to 
be,  it,  too,  would  have  been  taken  up  more  generally  at  a  time  when 
it  was  easier  to  have  done  so  than  now. 

The  American  mind  is  quick  to  note  what  is  to  the  advantage  of 
American  mechanics.  We  take  up  quickly  what  is  good  to  hold  to, 
and  we  will  not  accept  what  we  have  demonstrated  to  be  less  useful. 
This  was  made  manifest  to  Prof.  Reuleaux,  Director  of  the  Industrial 
Academy,  Berlin,  and  is  expressed  by  him  in  his  report  on  motors  and 
machines  at  Paris  Exposition,  1867.  In  commenting  on  the  many 
novelties  from  America  he  says,  "  Upon  the  whole  it  may  be  said  that 
in  machine  industry  England  has  partly  lost  her  formerly  undisputed 
leadership,  or  that  she  is  about  to  lose  it.  The  healthy  young  trans- 
atlantic industry,  which  continually  withdraws  from  us  energetic  and 
intelligent  heads  and  robust  hands,  makes,  with  the  aid  of  her 
peculiar  genius,  the  most  sweeping  progress,  so  that  we  shall  soon 
have  to  turn  our  front  from  England  westward."  Then,  in  com- 
menting on  the  rapidity  with  which  American  ideas  were  finding  a 
home  in  Germany,  speaks  of  the  genius  for  inventions  of  this  kind 
as  peculiar  to  us — "  They  are  distinguished  from  us  by  more  direct 
and  rapid  conception.  The  American  aims  straightway  for  the  needed 
construction,  using  means  that  appear  to  him  the  simplest  and  most 
effective,  whether  new  or  old."  *  *  «  li  The  American  really  con- 
structs in  accordance  with  the  severest  theoretical  abstractions,  ob- 
serving on  the  one  side  a  distinctly  marked  out-aim,  weighing  on  the 
other  the  available  means  or  creating  new  ones,  and  then  rn-oceeding, 
regardless  of  precedents,  as  straight  as  possible  for  the  object."  *  *  * 
'•This  spirit  is  strikingly  prominent  in  the  (Wm.  Sellers')  system  of 
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screw  threads  which  he  has  boldly  jslaced  alongside  of  the  old  ven- 
erated Whitworth  system,  in  spite  of  the  terror  of  its  numerous  ad- 
herents, after  he  had  discovered  actual  deficiencies.  A  proper  valu- 
ation of  this  proceeding  contains  the  most  instructive  hints  for  our 
higher  technical  institutions." 

There  is  an  irreconcilable  discord  between  the  inch  and  the  divi- 
sions of  the  meter.  The  inch  has  become  fixed  to  a  greater  extent  in 
dollars  and  cents,  in  fitness  and  convenience,  in  this  country  than  in 
Germany,  and  yet  there,  in  some  cases  I  have  shown,  it  cannot  be  given 
up.  To  keep  our  scale  of  sizes  and  use  French  dimension  sizes  would 
"  furnish  a  precious  example  of  the  simplicity  of  the  decimal  system." 
I  was  a  signer  of  the  majority  report  of  the  Franklin  Institute  which 
opposed  the  compulsory  adoption  of  the  metric  system.  That  report 
was  prepared  and  written  by  the  chairman,  Mr.  Wm.  P.  Tatham, 
since  made  President  of  the  body  which  adopted  it,  as  their  view  of 
the  matter.  Mr.  Tatham  is  a  man  of  culture  and  a  hard  student.  His 
business  as  maker  of  lead  jjipes  would  have  been  less  affected  than 
that  of  almost  any  other  manufacturer  by  the  introduction  of  the 
nieti-ic  system.  He  said,  and  I  subscribed  to  the  statement,  that  he 
believed  that  the  ultimate  benefits  of  the  change  proposed  woidd  be 
of  less  value  than  the  damages  during  the  transition.  This  was  on 
the  suppositious  view  that  ultimately  some  would  be  benefited.  As 
an  engineer  I  can  see  no  possible  good  to  come  to  American  machin- 
ists from  the  change.  Its  introduction  exclusively  would  not  diminish 
his  labor  in  any  way ;  it  would  not  cheapen  his  product;  it  would 
increase  its  cost.  It  is  in  fact,  however,  so  impossible,  in  view  of 
existing  matters  and  existing  harmony  in  interchangeable  matter,  that 
should  the  ■  metric  standard  be  made  the  only  legal  standard  in 
America  to  be  used  in  buying  and  selling,  the  engineering 
establishments  now  in  existence  could  not  heed  thelaw,  but 
must  perfoi-ce  use  their  existing  tools  and  gauges  of  precision, 
and  continue  to  make  material  in  conformity  with  existing 
matter. 

The  metric  system  was  admitted  here  to  an  equal  "footing  in  point 
of  law  in  1866.  It  had  not  been  legalized  in  any  way  when  we,  for 
good  reasons,  introduced  it  into  our  own  workshop  in  Philadelphia, 
and  yet,  at  that  time,  we  asked  no  one's  permission  to  do  what  we 
pleased  in  the  metrological  management  of  our  own  business.  We 
had  a  chance  to  try  the  system  .in  making  something  which  did  not 
clash  with  existing  merchant  sizes  ;  once  having  perfected  an  organi- 
zation in  this  department  we  became  fixed  in  its  continuance.  Pre- 
cisely the  same  reasons  why  we  cannot  change  our  general  system 
into  the  metric  hold  against  our  giving  up  the  metric  system  in  the 
departments  where  it  is  in  use. 
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If  the  change  to  the  metric  system  will  aid  commerce,  let  the 
merchants  do  as  we  have  done— try  it.  Commerce  depends,  in  a 
large  measure,  on  the  possible  out-put  of  our  workshops.  The  engi- 
neer controlling  the  workshop  and  who,  to  be  successful,  must  be  a 
merchant  too,  knows  too  well  how  he  stands  to  give  up  a  practically 
useful  system,  more  convenient  to  him  after  having  tried  both,  for 
the  sake  of  any  fancied  conformity  with  other  countries.  He  can 
give  up  no  vantage  ground.  His  success  in  his  life-battle  in  these 
days  of  active  competition  depends  upon  wise  economies  to  enable 
him  to  prosper.  He  has  no  more  reason  to  cripple  himself  with  an 
inconvenient  system  of  metrology  than  he  has  to  give  up  a  tariff  of 
protection  on  his  production,  in  order  to  make  it  easier  for  the  world 
to  compete  with  him. 

I  am  tempted  to  touch  on  the  educational  view  of  the  subject,  but 
will  content  myself  with  very  few  words.  When  engineers  are  told 
that  the  change  to  the  metric  system  would  save  two  years,  or  one 
year,  in  the  school  life  of  every  child,  they  ask  how  many  years  are 
now  devoted  to  mathematics  only,  in  the  average  four  years'  school- 
ing of  the  mass  of  our  boys,  and  ask,  what  is  to  be  lopped  off  to 
make  this  saving  ?  Many  a  good  workman  who  has  risen  to  a  high 
rank  among  educated  mechanical  engineers  had  too  few  years  at 
school  to  admit  of  a  month's  saving  in  any  one  branch  of  his  studies. 
It  is  the  thing  just  now  to  favor  the  change.  A  young  engineer 
enlisting  himself  in  the  ranks  of  the  metrical  reformers  ( f  )  buys  a 
cheap  scientific  notoriety.  He  is  brought  into  sympathy  with  the 
self-constituted  advanced  thinkers.  Those  who  oppose  the  change, 
after  having  become  familiar  with  both,  are  said  to  "  sever  themselves 
from  the  congenial  sympathy  of  the  enlightened  public  opinion  of 
to-day."  The  mechanical  engineer  can  accept  nothing  as  true  until 
he  has  demonstrated  the  truth  by  experiment ;  at  least,  in  anything' 
capable  of  being  put  to  the  test  of  experiment.  It  is  in  the  power 
of  any  intelligent  man  to  test  the  metric  system  as  others  have  done. 
He  will,  I  think,  find  that  the  savants  who  originated  the  scheme  be- 
fore mechanical  engineering,  as  it  now  exists,  was  known  as  a  pro- 
fession, made  the  mistake  of  beginning  at  the  wrong  end,  the  big 
end  of  the  scale,  the  size  of  the  world ;  and  by  the  time  they  had  cut 
it  up  or  down  to  human  wants  it  came  out  less  fitted  to  human  re- 
cpiirements  than  if  they  had  recognized  in  the  beginning  the  needs  of 
the  beings  who  were  to  use  it. 

Our  metrological  reformers  urge  us  to  adopt  a  new  system  in  place 
of  our  present  one,  a  system  that  harmonizes  in  no  way  with  anything 
we  now  use.  This  new  system  is  practically  based  on  a  certain 
measure  over  39  inches  long.  This  is  cut  up  into  1,000  parts,  and 
100  of  these  parts  cubed  gives  their  primary  vessel  of  measurement. 
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The  contents  of  this  vessel  in  distilled  water  under  certain  conditions 
is  their  pound  weight.  Had  the  English  yard  of  36  inches  been  so 
treated  it  would  have  been  as  good  a  system,  but  no  better.  It  would 
have  been  as  inapplicable  comfortably  to  our  profession  as  is  the 
metric.  The  wonderful  extension  of  the  metric  system  to  time  and 
infinite  space  was  given  up  as  impracticable  long  ago,  and  we  are  now 
asked  to  bear  the  shock  of  a  mighty  change  to  use  this  inconvenient 
system,  this  unhandy  system  of  ten,  for  the  sake  of  uniformity  with 
some  other  peoples'  of  the  world. 

In  conclusion,  when  we  take  into  consideration  the  enormous  inter- 
ests involved  in  manufacturing  in  America;  if  it  is,  as  we  think,  un- 
wise to  tamper  with  the  existing  metrology  of  our  workshops,  the 
question  may  well  be  raised  as  to  the  wisdom  of  enforcing  the  metric 
system  in  trade  generally.  The  practical  mind  of  Americans  has 
already  dispensed  with  much  useless  stuff,  coming  to  us  with  our  old 
metrology ;  is  it  not  better  to  continue  to  amend  what  we  have,  to 
encourage  the  uniformity  so  desirable,  rather  than  to  attempt  to  make 
all  things  new.  but  in  no  respect  practically  better,  at  so  frightful  a 
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WHITWORTH'S  SCREWS. 
In  use  in  Europe,  especially  in  Germany. 
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TABLE  OF  SCREWS.— By  Reuleaux. 


1 

o 

o 

Pi 

.2     || 
fl    -o 

a  • 
a 

a 

ss  of  Head, 
neters. 

WHITWOKTH'S. 

ll 

"La 

aei 

|e  a 

£  II 

a 

eg 

S 

■§ 
1 

a  £  O 

.23^  II 
R    t3 

1H 
S3 

T3  &0.2 

£5  II 

3 

En 

6 

4.1 

7 

7 

i 

20 

5 

8 

5.9 

6 

8 

5 

18 

51 

10 

7.7 

54 

10 

S 

16 

6 

12 

9.5 

5 

11 

1 

12       ' 

6 

15 

12.2 

a 

13 

1 

11 

61 

18 

14.9 

4 

15 

4 

10 

7J 

21 

17.6 

34 

17 

* 

9 

74 

24 

20.3 

3 

20 

8 

8 

.    27 

23.0 

3 

22 

li 

7 

7* 

30 

25.7 

21 

24 

li 

7 

8f 

34 

29.3 

2i 

27 

If 

6 

84 

38 

32.9 

2* 

29 

4 

6 

9 

42 

36.5 

24 

32 

'     if 

5 

84 

46 

40.1 

24 

35 

ii 

5 

84 

50 

43.1 

H 

38 

if 

& 

8& 

55 

48.2 

1* 

41 

2 

44 

9 

60 

52.7 

1* 

45 

24 

4 

9 

65 

57.2 

11 

48 

2* 

4 

10 

70 

61.7 

If 

52 

2i 

34 

9f 

75 

66.2 

» 

55 

3 

34 

104 

22 


SELLERS THE    METRIC    SYSTEM. 


TABLE  OF  AMERICAN  AND  ENGLISH  GAS  PIPES. 


OB 

Ijj 

£.= 

"3 

0) 

--  -r 

0 

S 

—  z 

a 

< 

^ 

1    0.405 

27 

i    0.54 

18 

;     II  675 

18 

4 

0.84 

14 

t 

f 

1.05 

14 

1 

1 

1.315 

iii 

U 

1.66 

11* 

1* 

1.9 

iii 

1J 

2 

114 

fa 

on 


English  Standard. 


0.406 
0.531 
0.625 
0.812 
0.906 
1.031 
1.187 
1.312 
1.625 
1.875 
2.125 
2.375 


10.318 
13.493 
15.875 
20.637 
23.018 
26.194 
30.162 
33.337 
41.274 
47.624 
53.974 
60.325 


3i 


gl 


3.5 

4.0 

4.5 

5.0 

5.563 

6.625 

7.625 

8.625   8 


25 


English  Standard. 


2.625 

3.0 

3.125 

3.5 

3.937 

4.437 


66.074 
76.199 
79.374 
88.89! 
100.01 
112.71 


SELLERS THE   METRIC    SYSTEM.  23 

DISCUSSION. 

Mr.  Stetson — As  regards  the  enforcing  of  the  metric  system,  I  am 
reminded  of  the  saying  that  one  man  can  bring  a  horse  to  the  water 
but  twenty  men  cannot  make  him  drink.  In  our  dealings  with  the 
European  markets,  and  in  furnishing  tools  to  them,  we  find  that  the 
millimeters  to  be  worked  to,  very  generally,  divide  into  our  inches  in 
convenient  fractions.  I  should  think  that  perhaps  if  we  kept 
on  we  might  bring  them  nearer  to  our  system. 

Mr.  Sellers — I  was  in  the  shop  a  few  days  ago,  and  the  foreman 
came  to  me  and  said  something  needed  to  be  altered  about  a  com- 
plicated hydraulic  valve.  It  was  a  defect  in  one  of  the  seats,  and  to 
get  at  the  true  position  of  the  defect  it  was  necessary  to  add 
together  all  the  minor  measurements.  I  noticed  that  the  man  ran 
his  eye  up  a  column  of  figures  which  were  in  inches  and  vulgar 
fractions,  and,  as  quickly,  he  had  in  his  head  the  general  or  embrac- 
ing dimension.  Now  express  the  same  spaces  in  even  millimeters, 
involving  two  rows  of  figures,  and  let  us  see  what  he  would  do. 
He  would  have  to  take  his  pencil  to  make  the  calculation. 

Mr.  C.  E.  Emery— This  presentation,  I  think,  will  have  the  effect 
of  making  me  still  more  conservative  with  regard  to  the  metric 
system.  Still,  there  is  one  point  to  be  brought  forward  in  favor,  or 
at  least  in  explanation  of  difficulties  which  have  been  presented. 
If,  by  some  means,  the  metric  system  were  adopted  by  law  for  our 
standards  the  simple  dimensions  would  come  in  the  metric  system, 
and  those  that  are  complicated  would  come  in  the  other  system. 
When  any  device  is  exactly  three  or  four  millimeters,  as  a  matter  of 
course,  the  expression  in  the  other  system  would  be  just  as  compli- 
cated as  is  now  stated  in  respect  to  the  metric  system.  The  metric 
system  is  hot  so  bad  when  it  is  in  use,  as  it  would  appear  to  be  from 
the  very  strong  statements  which  have  been  made.  We  can  measure 
the  earth  in  meters  to  any  extent.  We  could  measure  shafting  and 
other  things  in  the  same  way,  if  we  were  once  in  the  habit  of 
doing  so.  But  the  question  arises  whether  after  all  the  labor  that 
has  been  expended  in  this  country,  based  on  the  inch  as  a  standard, 
it  would  be  best  to  change.  I  think  the  majority  of  those  present 
would  favor  adhering  to  our  own  standard.  It  behooves  us  more- 
over to  pay  some  respect  to  what  has  been  done  abroad ;  and  as  a 
compromise,  when  others  were  urging  the  American  Society  of 
Civil  Engineers  to  indorse  the  metric  system,  on  my  motion  a  reso- 
lution was  adopted  requesting  members  to  write,  in  parenthesis,  in 
papers  thereafter  submitted  to  the  Society,  dimensions  by  the  metric 
system  in  connection  with  those  of  the  ordinary  system.  After  so 
much  labor  has  been  expended  in  this  country  we  cannot  afford  to 
make  a  change.     There  are  some  considerations   given  in  the  paper 
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which  show  that  the  metric  system  is  not  the  natural  one  for  some 
classes  of  work — that  matter  of  the  feed  screw  for  exanrple.  It 
would  be  very  hard  to  make  all  the  difficult  changes  on  the  decimal 
system.  While  I  quite  agree  that  we  must  adhere  to  our  system 
at  present,  it  is  love's  labor  lost  to  speak  roughly  of  other  systems. 
Mr.  Porter — I  have  been  for  years  considering  this  subject 
pretty  carefully,  and  I  am  convinced  now,  more  than  ever,  that 
in  the  inch,  by  good  fortune,  the  English  and  American  people  pos- 
sess a  irnit  of  measurement  which  is  so  convenient  as  to  be  inval- 
uable ;  with  which,  for  convenience,  there  is  no  other  to  be  compared. 
It  is  convenient  on  account  of  its  size,  and  that  convenience  is  greatly 
augmented  by  the  fact  that  it  may  be,  and  in  ordinary  practice  is,  divi- 
ded by  continual  bisection.  That  system  of  division  is,  for  practi- 
cal purposes,  incomparably  superior  to  the  division  by  the  decimal 
system.  As  has  been  mentioned,  every  screw  thread  in  the  world  is 
in  the  divisions  of  an  inch,  and  all  changes,  in  every  lathe  in  the 
world,  are  expressed  by  continual  bisection  of  an  inch.  We  cannot 
cut  a  decimal  thread  in  a  lathe.  I  do  not  believe  the  lathe  exists  in 
which  a  decimal  thread  can  be  cut.  Of  course,  all  mechanics  that 
have  had  occasion  to  refer  to  French  drawings,  can  see  that  the 
meter  is  so  inconvenient  that  nobody  uses  it,  and  that  the  millimeter 
comes  to  be  the  unit,  and  not  the  meter.  Attention  cannot  be  too 
strongly  drawn  to  that  fact.  The  substitution  of  the  metric  system 
for  our  own  system  involves  this  difficulty :  that  there  must  be  an 
entire  abandonment  of  one  in  favor  of  the  other,  because  the  sys- 
tems are  not  interchangeable.  It  is  not  possible  to  express  a  meter 
in  decimals  of  an  inch  with  precision.  The  decimals  may  be  car- 
ried to  any  extent  whatever,  but  we  never  reach  the.  end.  The 
two  units  are  not  commensurate.  Therefore,  a  measure  in  our 
English  feet  and  inches,  cannot  be  expressed  with  absolute  correct- 
ness in  meters  and  decimals  of  a  meter.  But  the  idea  of  abandon- 
ing, at  a  cost  and  inconvenience  which  cannot  be  conceived,  a  most 
convenient  and  admirable  system  of  measurement  for  one  compara- 
tively inconvenient,  is  a  projjosition  so  remarkable,  that  the  degree 
of  favor  with  which  it  has  been  received  has  always  astonished  me 
very  much,  and  I  must  express,  individually,  my  great  gratification 
that,  at  the  first  meeting  of  this  Society,  so  able  and  exhaustive  a 
demonstration,  as  that  which  Mr.  Sellers  has  read,  of  the  absurdity 
of  any  proposed  change,  has  been  presented. 

Mr.  Worthington — I  have  been  very  much  interested  in  endeavor- 
ing to  understand  this  metric  system.  I  do  not  comprehend  it  at  all. 
I  think  I  can  safely  say  that  I  never  met  a  single  representative  of  our 
plain,  practical  profession  who  advocated  it  out  and  out.  I  have 
heard  it  championed  by  gentlemen  whose  minds  were  vei-y  much  in 
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other  directions.  Men  who  calculated  eclipses  and  other  things, 
with  which  I  have  very  little  to  do.  They  woidd  say  that  it  shortened 
their  labor.  The  matter  of  making  figures  has  been  a  very  small 
part  of  my  labor.  The  thinking  of  what  I  had  to  make,  has  been  very 
much  more  important.  "When  it  comes  to  a  mere  matter  of  calcula- 
tion, I  have  found  that  the  simple  rides  of  arithmetic  have  given  me 
just  what  I  wanted.  I  could  always  calculate  what  I  wanted  to  do 
!n  my  work  without  any  trouble  or  loss  of  time.  The  metric  system 
suggests  nothing  at  all.  I  have  to  wait  to  have  it  translated,  or  I 
have  to  take  my  pencil  and  cipher  it  into  feet  and  inches  before  I 
can  get  any  idea  out  of  a  metrical  expression.  It  is  not  associated 
with  any  of  the  ideas'  of  my  life.  I  bless  my  kind  guardians  for 
making  me  learn  the  multiplication  table.  I  wish  they  had  made 
me  learn  up  to  twenty-four  times  twenty-four.  But,  I  am  sure,  I 
have  gone  too  far  in  life  to  get  anything  out  of  this  system  bu^ 
confusion  and  difficulty.  I  would  ask  whether  this  proposal  for 
change  comes  from  men  who  are  dealing  with  it,  as  we  in  our  pro- 
fession are  compelled  to  deal  with  measurements,  or  whether  it 
does  not  come  from  quarters  where  very  large  calculations  are  made 
ujson  a  very  small  amount  of  thinking  ?  To  my  business,  the  pro- 
cess of  thinking  is  the  important  thing,  and  the  figuring  very 
insignificant.  I  have  inveighed  against  this  system  as  thoroughly 
subversive,  and  the  attempt  to  have  its  introduction  enforced  as 
almost  impertinent.  When  we  all  know  what  we  talk  about,  when 
we  s}3eak  of  feet  and  inches,  to  attempt  to  get  legislative  inter- 
ference to  oblige  us  to  learn  a  new  thing  appears  to  me  entirely 
gratuitous.  I  trust  the  influence  of  this  Society  will  be  used  to 
enforce  the  views  of  this  very  conclusive  essay. 

Mr.  Grill — I  am  in  fidl  accord  with  Mr.  Sellers  in  regard  to  the 
non-use  of  the  metric  system  in  the  machine  shop  ;.and  for  civil  en- 
gineering I  believe  the  objections  to  the  system  are  just  as  great.  But 
I  think  that  on  one  point,  although  Mr.  Sellers  did  not  touch  upon  it, 
it  might  be  well  to  consider — inasmuch  as  the  mechanical  engineers 
are  so  closely  connected  with  the  mining  and  metallurgical  engi- 
neers— and  that  is  the  subject  of  the  metric  system  in  reference  to 
weight.  We  must  all  admit  that  the  decimal  is  much  preferable  to 
the  vulgar  fraction  system,  which  we  have  in  all  our  weights  and 
measures.  But  the  system,  so  far  as  weights  are  concerned,  is  so 
very  simple  that  I  think  it  might  be  desirable  if  we  coidd  adopt  the 
metric  system  for  weights,  and  perhaps  for  measures  of  volume. 
By  leaving  out  part  of  the  nomenclature  the  weights  are  brought 
down  to  very  few  numbers,  taking  the  milligramme,  one  thousand 
milligrammes  making  a  gramme,  and  a  thousand  kilogrammes  mak- 
ing a  ton.     We  have  in  the  United  States  a  great  many  different 
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tons,  and  if  we  could  bring  it  down  to  one  ton  it  would  be  desirable 
to  adopt  the  metric  ton,  which,  in  our  weights,  is  2,204  pounds, 
being  but  a  very  slight  difference  from  our  gross  ton.  Then  we  have 
2,204  pounds  for  a  ton,  and  we  have  the  kilogramme  which  is  the 
one-thousandth  part  of  that,  and  the  gramme  the  one-thousandth 
part  of  that,  and  the  milligramme  the  one-thousandth  part  of  that, 
and  then  by  bringing  it  into  common  use  we  have  the  ton  for  the 
weight  that  would  be  used  by  manufacturers,  and  while  the  grocer 
would  use  the  kilogramme,  the  druggist  would  use  the  gramme, 
and  the  chemist  the  milligramme.  The  milligramme  is  in  constant 
use  by  chemists.  I  think  it  is  desirable  that  we  should  bring  the 
metric  system  into  use,  so  far  as  weights  are  concerned.  But  so  far 
as  measures  for  mechanical  purposes  are  concerned,  I  agree  with 
ilr.  Sellers,  that  it  would  not  be  very  desirable  to  attempt  to  intro- 
duce it. 

Mr.  Worthington — The  sentiment  of  the  Society  in  regard  to  the 
metric  system  impresses  my  mind  very  much,  and  it  appears  to  me 
it  would  be  well  for  us  to  give  some  shape  and  purpose  to  it.  It 
appears  to  be  the  duty  of  this  Society  to  take  a  commanding  posi- 
tion on  all  these  points,  which  are  of  such  interest  to  the  welfare  of 
tbe  mechanical  world.  For  the  first  time  in  my  life,  I  stand  before 
a  meeting  that  is  cajsable  of  giving  expression  to  the  opinions  of 
the  mechanical  engineering  ability  of  the  country,  and  I  am 
anxious  to  see  the  development  of  their  power  in  useful  direc- 
tions as  soon  as  it  can  be  reasonably  made.  This  is  an  attempt 
to  incorporate  in  a  resolution  the  sentiments  that  seem  to  be  so 
acceptable  to  the  majority  of  the  meeting.  I  do  not  want  to  intro- 
duce it  as  a  subject  of  debate ;  if  opposed,  I  should  be  very  willing 
to  withdraw  the  resolution: 

••  Resolved,  That  this  Society  approves  and  indorses  the  views  ex- 
pressed in  the  paper  read  by  Coleman  Sellers,  Esq.,  on  the  Metric 
System  of  measurement,  and  deprecates  any  legislation  tending  to 
make  its  introduction  obligatory  into  our  industrial  establishments  ; 
also, 

'•  Resolved,  That  the  Secretary  be  instructed  to  communicate  the 
sentiments  of  this  resolution  to  any  one  concerned  in  procuring  this 
legislation." 

Mr.  Holloway— In  seconding  the  resolution  of  Mr.  Worthington, 
which  I  do  very  cheerfully,  I  desire  to  make  a  little  explanation. 
There  is  in  existence  a  society,  the  object  of  which  is  to  oppose  the 
introduction  of  the  metric  system.  This  society  has  its  headquar- 
ters in  Cleveland,  Ohio  ;  and  I  offer  as  an  amendment,  that  the  Secre- 
tary be  instructed  to  send  a  copy  of  this  resolution  to  that 
society. 
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Mr.  Worthington — I  would  be  glad  to  incorporate  that  into  the 
original  resolution — also  resolved  that  a  copy  of  that  be  sent  to  the 
Anti- Metric  Society,  of  Cleveland. 

Mr.  Stetson — I  should  hesitate  to  do  anything  that  was  not  well 
advised  in  this  matter,  and  I  do  not  know  whether  the  resolution 
would  apply  only  to  mechanical  measurements.  I  am  not  sufficiently 
familiar  with  the  other  parts  of  tbe  system  to  know  whether  it  might 
not  be  advantageous  to  apply  it  to  other  measurements.  But  as 
regards  mechanical  measurements,  I  think  I  know  enough  about  it 
to  support  the  resolution  earnestly.  I  should  be  m  favor  of  restrict- 
ing it  to  mechanical  measurements. 

Dr.  Grimshaw — It  is  not  well  to  sign  a  contract  until  we  know 
every  word  in  it.  Would  not  it  be  prudent  at  least  to  wait  until  we 
can  read  the  resolution,  and  vote  more  intelligently  ? 

Tlie  President — The  Society,  of  course,  is  at  liberty  to  defer  de- 
bate on  this  until  it  is  printed. 

Mr.  Forney — While  I  am  in  entire  sympathy  with  Mr.  Sellers  in 
his  sentiments  in  regard  to  the  forced  introduction  of  the  metric 
system  into  our  machine-shop  practice,  it  seems  to  me  at  the  same 
time  that  it  would  be  ill-advised  for  us  to  pass  a  resolution  indors- 
ing everything  in  Mr.  Sellers'  paper.  I  have  only  heard  it  read 
once,  and  possibly  I  might  find  things  in  it  on  a  subsequent  reading 
which  I  might  dissent  from,  and  I  would  suggest  that  that  portion 
of  the  resolution  be  stricken  out. 

Mr.  Sellers — -I  would  second  such  an  amendment. 

Mr.  Porter — An  amendment  has  occurred  to  me  that  might  meet 
the  difficulty,  and  that  would  be  the  introduction  of  the  word 
"linear  "  before  '-measurement ;"  that  would  give  greater  precision. 
We  hunt  our  action  to  linear  measurement.  That  would  not  be 
capable  of  being  misunderstood. 

Mr.  Sellers — If  at  any  time  the  people  of  the  United  States  think 
the  metric  system  is  better  than  the  other,  it  will  be  adopted.  What 
I  deprecate  is  the  trouble  we  are  kept  in,  by  our  legislators  being 
asked  to  pass  laws  to  do  away  with  one  system  and  place  the  other 
system  before  us  as  the  sole  and  legal  system  of  the  country. 

Mr.  Forney — -The  amendment  I  would  propose  is  this :  That  the 
Society  deprecate  any  legislation  tending  to  make  the  introduction 
of  the  metric  system  obligatory  into  our  industrial  establishments. 

Mr.  Coxe — I  think  this  should  only  be  done  by  a  ballot,  in  which 
every  member  of  the  Society  could  vote  upon  it.  I  think  on  a  matter 
of  this  kind  a  letter  ballot  would  be  the  proper  thing.  I  may  be 
wrong,  but  it  seems  to  me  that  that  would  be  the  proper  thing.  If 
adopted  or  rejected,  of  course  the  adoption  or  rejection  would  be 
much  more  emphatic. 


28  SELLERS THE    METRIC    SYSTEM. 

Dr.  G-rhnshmo — -I  believe,  with  Mr.  Coxe,  that  this  matter  is  of 
sufficient  importance  to  be  considered  only  by  ballot ;  and  I  move 
that  the  matter  be  laid  on  the  table  until  we  can  discuss  it  at  length 
and  calmly. 

A  vote  was  taken  on  this  amendment,  which  resulted  in  its  being 
rejected — 17  voting  "yes,"  and  20  "no." 

Mr.  Sellers — I  hope,  Mr.  President,  that  the  change  to  a  letter- 
ballot  will  be  adopted.  I  think  it  is  much  the  fairest  and  much  the 
most  satisfactory  method. 

Mr.  Coxe — I  move  that  the  Secretary  be  instructed  to  submit  the 
resolution  of  Mr.  Worthington,  as  amended  by  Mr.  Forney,  to  the 
Society  by  letter-ballot,  and  that  the  result  thereof  shall  be  declared 
in  the  first  official  publication  after  the  receipt  of  the  returned 
ballots. 

The  motion  was  agreed  to. 
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REGENERATING  METALLURGIC  FURNACES. 

BY    JACOB    REESE. 

Read  at  the  Annual  Meeting.  1880. 

The  regenerating  principle  as  applied  to  heating  furnaces  was 
patented  and  made  known  by  Robert  Sterling  in  the  year  1817.  His 
invention  relates  to  heating  air,  gases  and  fluids  by  the  agency  ot 
air,  gases  or  fluids  passing  through  passages  formed  of  brick,  metal, 
stone  or  any  other  material  adapted  to -the  degree  of  heat  required, 
and  he  describes  his  invention  as  applicable  to  the  manufacture  of 
glass,  pottery  and  any  other  case  where  great  heat  is  required. 

This  principle  has  been  embodied  in  improved  apparatus,  and 
practically  utilized  for  metallurgical  operations  by  Charles  W.  Siemens 
and  Frederick  Siemens,  and  is  now  in  general  use  in  the  open-hearth 
process.  The  advantages  of  the  system  are  :  1.  A  more  perfect  and 
uniform  combustion  of  the  fuel ;  2.  The  utilization  of  slack  or  other 
cheap  material;  3.  The  recovery  and  return  to  the  furnace  of  a  large 
percentage  of  the  calorie  of  the  waste  gases  ;  4.  Greater  facility  for 
securing  and  maintaining  a  high  and  uniform  temperature ;  5.  Readily 
securing  an  oxidizing  or  a  carbonizing  flame  during  treatment  of  the 
metal. 

In  tbe  construction  of  these  regenerative  furnaces,  the  regener- 
ators have  been  placed  below  ground,  and  generally  beneath  the 
ground.  This  arrangement  I  believe  to  be  objectionable  on  account 
of  the  following  reasons :  1.  the  arrangement  renders  it  inconvenient 
to  secure  a  sufficient  length  of  heating  surfaces  for  the  passage  of 
the  incoming  and  outgoing  air  and  gases  :  2.  the  ground  is  generally 
damp  and  wet,  and  considerable  heat  is  lost  by  radiation  and  absorb- 
tion  ;  3.  the  regenerators  are  very  difficult  to  get  at  for  cleaning  and 
repairs ;  4.  the  continual  changing  of  the  temperature  causes  their 
walls  to  ci'ack,  and  their  alternate  expansion  and  contraction  is  liable 
to  destroy  the  solidity  of  the  furnace,  or  to  crack  the  bottom  and 
allow  the  molten  metal  to  rim  down  into  the  regenerators  ;  5.  the 
metal  is  liable  to  boil  over  and  run  down  as  in  the  preceding  case. 

In  order  to  overcome  these  objectionable  features,  I  have  designed 
a  new  arrangement  and  construction  of  the  regenerators,  in  which 
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the  stoves  are  made  of  a  cylindrical  form,  encased  in  wrought-iron 
shells,  placed  entirely  above  ground,  and  are  connected  with  opposite 
ends  of  the  furnace  by  combustion  chambers,  as  is  shown  in  the 
plates  connected  herewith,  in  which : 

Fig.  1  in  Plate  I.,  indicates  a  front  elevation  of  the  improved  re- 
generative open-hearth  furnace. 

Fig.  2,  Plate  II.,  indicates  a  sectional  elevation  of  the  same. 

Fig.  3,  Plate  III.,  indicates  a  cross  sectional  plan  view  of  the  same. 

Fig.  4  indicates  a  cross  sectional  elevation  of  the  upper  portion  of 
one  of  the  stoves. 

Fig.  5  indicates  a  top  view  of  one  of  the  stoves. 

Fig.  6,  Plate  IV.,  indicates  a  front  sectional  elevation  of  the  im- 
proved regenerative  open  hearth,  provided  with  an  oblong  revolving 
bottom,  such  as  is  shown  and  described  in  English  Letters-Patent  No. 
1,223,  granted  in  1853  to  Walker  &  Warren  for  improvements  in  the 
manufacture  of  iron. 

Fig.  7  indicates  a  cross  sectional  view  of  the  same. 

Fig.  8,  Plate  V.,  indicates  a  front  elevation  of  an  improved  regen- 
erative heating  furnace. 

Fig.  9,  Plate  VI.,  indicates  a  cross  sectional  view  of  same. 

The  construction  and  arrangement  of  the  regenerators,  as  ap- 
plied to  the  ordinary  open  hearth  may  be  readily  understood  by  ref- 
erence to  Figs.  1  and  2,  which  indicate  the  arrangement,  and  Figs. 
3,  4  and  5,  which  disclose  details  of  construction.  It  will  be  ob- 
served that  the  stoves  are  of  a  cylindrical  form  j  that  they  are  pro- 
vided with  iron  shells  and  are  placed  entirely  above  the  ground,  one 
being  at  each  end  of  the  furnace,  and  connected  thereto  by  means  of 
a  combination  chamber  at  one  side  of  its  base. 

Each  stove  is  divided  into  two  distinct  and  separate  compartments, 
by  means  of  a  division  wall,  which  extends  from  its  base  up  to  the 
top  of  the  dome,  as  is  indicated  in  the  sectional  view  of  the  top 
shown  in  Fig.  4.  This  division  wall  is  placed  somewhat  to  one  side 
of  the  center  of  the  stove,  so  that  the  compartment  for  the  air  may 
have  a  larger  area  than  the  compartment  for  the  gas.  Both  these 
compartments  are  subdivided  into  two  sections,  which  communicate 
together  at  the  dome,  by  means  of  vertical  division  walls,  which  ex- 
tend from  the  bottom  of  the  compartments  upward  to  that  point, 
and  each  of  the  subdivisions  are  filled  with  fire  brick  in  lattice  ar- 
rangement, which  extends  up  to  the  top  of  the  subdivision  walls,  so 
that  the  air  and  gas  may  ascend  in  one  subdivision  and  turn  in  the 
dome,  and  return  downward  in  the  other  subdivision  of  their  re- 
spective compartments.  The  bottom  of  these  compartments,  upon 
which  the  lattice  work  rests  is  formed  by  the  perforated  arched  roofs 
of  the  distributing  and  combustion  chambers  at  the  base  of  the  stove. 
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The  distributing  chambers  are  provided  with  a  central  double-valve 
chamber,  to  admit  the  outward  passage  of  the  waste  gases  into  the 
stack,  and  to  regulate  the  same ;  and  they  are  also  provided  with  an 
air- inlet  chamber  open  to  the  atmosphere,  and  with  a  gas-inlet  cham- 
ber communicating  with  the  producers,  for  the  admission  of  the  air 
and  the  gas  into  their  respective  distributing  chambers  and  com- 
partments. 

The  stoves  are  provided  with  manholes  in  the  tops  of  the  dome, 
in  order  to  admit  of  entrances  for  repairing,  and  to  allow  the  insertion 
of  mechanism  for  cleaning.  The  man-holes  are  closed  when  the 
stoves  are  in  use,  by  caps,  as  shown  in  Fig.  5.  The  stoves  are  also 
provided  with  cleaning  doors,  which  open  into  the  distributing  cham- 
bers, and  the  combustion  chambers  in  order  to  allow  the  removal 
of  the  dust,  slag,  and  other  matters  which  may  collect  therein  dur- 
ing the  cleaning  of  the  regenerator  or  working  of  the  furnace. 

Figs.  6  and  7  indicate  my  improved  arrangement  and  construction 
of  regenerators,  in  connection  with  a  Walker  &  Warren  oblique 
revolving  hearth.  In  this  case,  the  only  difference  in  construction 
is  that  of  the  furnace  proper,  which  is  fully  set  forth  in  their  Eng- 
lish Letters-Patent,  No.  1,223,  of  1853. 

Figs.  8  and  9  indicate  my  arrangement  and  construction  of  re- 
generators as  applied  to  heating  furnaces. 

In  the  construction  of  a  ten-ton  plant,  such  as  is  shown  in  Figs.  1 
and  3,  I  propose  to  make  the  stoves  about  ten  feet  in  diameter  by 
thirty-five  in  height,  which  will  require  thirty  thousand  four  hun- 
dred and  fifty  brick  for  the  outer  walls,  ten  thousand  one  hundred 
and  seventy-four  for  the  division  walls  and  arches,  and  twenty  thous- 
and five  hundred  and  eighty  for  the  lattice  work.  This  construction 
will  give  a  passage  way  of  seventy  feet  for  the  air  and  gases  through 
each  regenerator,  and  twelve  thousand  seven  hundred  and  twenty 
square  feet  of  heating  surface  to  each  pair  of  stoves,  being  seven 
thousand  five  hundred  square  feet  more  than  that  of  the  ordinary  form 
of  regenerators  applied  to  such  furnaces,  and  consequently,  in  prac- 
tice, the  temperature  of  the  outgoing  waste  gases  will  be  reduced  to 
a  much  lower,  and  the  temperature  of  the  incoming  air  and  gases  will 
be  raised  to  a  much  higher  point  than  has  been  secured  by  the  use 
of  the  ordinary  plant,  and  an  exceedingly  high  temperature  may 
be  easily  and  economically  maintained  in  the  furnace. 

One  of  the  reasons  for  constructing  the  stoves  with  so  great  a 
length  of  passage-way  for  the  air  and  gases,  and  with  so  great  an 
area  of  heating  surface,  is  that  they  are  designed  to  be  used  in  cases 
where  a  very  high  and  constantly  uniform  temperature  is  required. 
It  is  well  known  that  iron  and  steel  are  more  fluid  at  any  given  tem- 
perature when  they  possess  the  most  carbon,  and  that  the  molten 
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metal  containing  the  least  carbon,  requires  the  greatest  heat  to  keep 
it  in  the  fluid  condition.  Now,  in  designing  these  stoves,  I  had  in 
view  the  production  of  ingot  iron,  very  low  in  carbon,  by  desdieon- 
izhig  and  decarburizing  the  metal  in  a  silicious-lined  converter,  and 
then  running  it  iuto  an  open  hearth,  excluding  the  slag,  for  further 
treatment  either  by  the  acid  or  by  the  basic  process.  This  decar- 
burized  metal  requires  a  very  high  and  continuous  temperature  to 
keep  it  in  a  fluid  condition,  and,  as  it  is  ran  into  the  open  hearth 
without  the  slag,  it  must  be  protected  from  oxidation.  Therefore. 
to  secure  these  conditions  as  far  as  possible,  the  area  of  the  heating 
surfaces  and  the  lengths  of  their  passages  have  been  greatly  in- 
creased, and  a  combustion  chamber  is  formed  at  the  base  of  each 
stove,  so  that  combustion  will  take  place  previous  to  the  entrance  of 
the  gases  into  the  metal  chamber. 

The  operation  of  the  regenerators  is  as  follows :  Gas  is  admitted 
from  the  producers  into  the  gas-distributing  chamber,  and  air  into 
the  air-distributing  chamber  of  one  of  the  stoves,  and  its  double  outlet 
chamber  is  closed.  The  double  outlet  chamber  of  the  opposite  stove  is 
opened  to  create  a  draft  from  the  stack,  and  its  air  and  gas  inlet  valve 
chambers  are  closed.  The  draft  from  the  stack  draws  the  air  and  gas 
through  the  perforated  arched  roofs  of  their  respective  chambers, 
up  through  the  lattice  work  into  the  dome,  where  they  turn  and 
pass  downward  through  the  lattice  work  of  the  other  division  of 
their  respective  compartments  into  the  combustion  chamber,  where 
they  commingle,  are  consumed,  and  the  products  of  combustion  jiass 
into  the  furnace,  over  the  metal  chamber,  into  the  combustion  cham- 
ber of  the  opposite  stove,  upward  through  the  lattice  work  into  the 
dome,  and  then  pass  downward  through  the  lattice  work  of  the  other 
subdivisions,  into  the  distributing  chambers,  and  from  there,  through 
their  double  outlet  chamber,  into  the  stack. 

When  the  lattice  work  of  the  stove  has  been  sufficiently  heated, 
the  currents  are  reversed  by  opening  and  closing  the  proper  valves, 
and  the  cold  air  and  gas,  in  passing  upward  and  downward  through 
its  lattice  work,  absorb  the  heat  which  has  been  deposited  there  by 
the  outgoing  waste  products  of  combustion, and  when  they  commingle 
in  the  combustion  chamber,  an  intense  and  vivid  combustion  takes 
place,  and  an  exceedingly  high  temperature  is  produced.  After  this 
operation  has  continued  for  about  half  an  hour,  the  currents  should 
be  again  reversed,  and  the  stoves  alternately  subjected  to  the  action 
of  the  outgoing  waste  gases  and  to  the  action  of  the  incoming  air 
and  gases  as  described. 

In  the  operation  just  described,  the  outgoing  waste  gases  will  en- 
ter the  stove  at  a  temperature  of  about  four  thousand  degrees,  Fah- 
renheit, and,  on  account  of  their  lone  passage  and  the  great  heating 
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area  of  the  stove,  they  escape  into  the  stack  at  a  temperature  of 
about  four  hundred  degrees,  so  that  a  saving  is  effected  of  nine- 
tenths  of  the  caloric,  which,  in  ordinary  non-regenerative  furnaces, 
escapes  into  the  air. 

The  cost  of  these  regenerative  stoves  will  be  about  three  thousand 
five  hundred  dollars  for  a  pair  of  the  size  specified,  which  is  greater 
than  that  of  the  ordinary  underground  brick  work,  but  as  their  heat- 
ing surface  and  capacity  is  so  much  greater,  and  as  I  believe  they 
possess  a  construction  and  arrangement  which  obviates  the  objec- 
tionable features  which  characterize  the  ordinary  construction  and 
arrangement,  I  hoj>e  to  find  their  use  very  advantageous  in  the  re- 
fining of  ordinary  open-hearth  steels,  as  well  for  the  production  of 
low  ingot  irons  by  the  method  to  which  I  have  referred. 

This  construction  and  arrangement  will  also  be  applicable  to  steam 
boilers  and  to  all  furnaces  where  it  is  desirable  to  use  cheap  fuel,  to 
avoid  smoke,  and  to  maintain  a  high,  constant  and  uniform  pressure. 


DISCUSSION. 

Mr.  Hollcy — It  seems  to  me  that  Mr.  Reese  has  done  a  good 
thing,  applicable  under  certain  circumstances,  in  introducing  this 
form  of  stove.  It  is  quite  true,  as  he  says,  that  under  some  con- 
ditions the  regenerator  cannot  be  well  put  under  the  hearth  of 
the  furnace.  In  most  cases  where  a  regenerator  is  likely  to  be 
deranged  from  a  rise  of  water,  it  is  very  important  to  have  it  placed 
above  such  a  possibility.  In  adopting  the  Siemens-Cochrane  sys- 
tem substantially,  that  is  the  tall  stove  with  the  up-and-down 
chambers,  he  seems  to  have  got  the  regenerators  into  the  least 
ground  space,  and  the  room  occupied  above  is  not  wanted  for  any- 
thing else.  But  the  best  open-hearth  plant  now,  I  believe,  is  a  fur- 
nace set  so  high  that  the  regenerator  can  be  put  underneath  without 
going  down  much  below  the  general  level,  so  that  it  is  unnecessary 
in  those  cases  to  take  up  the  little  room  that  Mr.  Reese  does  take  up 
with  those  outside  generators.  With  the  charging  floor  of  the 
furnace  twelve  or  fifteen  feet  above  the  level  of  the  pit,  there  is 
quite  room  enough  for  them  underneath  the  floor.  Mr.  Reese's 
system  of  a  regenerator,  provided  it  is  to  be  used  for  heating  fur- 
naces which  must  stand  on  the  general  level,  seems  a  good  one 
where  the  water  is  likely  to  give  trouble.  But.  I  may  say  in  passing, 
that  the  continuous  regenerator,  used  by  Mr.  Sellers  in  one  form, 
and  as  is  used  by  Mr.  Swinell  in  Pittsburg,  possesses  some  advant- 
ages over  the  more  complex  form  of  an  alternating  regenerator  for 
merely  heating  purposes.     The  objection  Mr.  Reese  made  to  the  pos- 
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sibility  of  the  metal  breaking  through  the  bottom  of  the  furnace,  and 
running  into  the  regenerator,  was  well  founded  at  one  time ;  but  as  he 
is  aware,  the  regenerators  are  now  made  with  a  vault  between  them, 
under  the  hearth.  It  strikes  me  that  his  combustion  chamber  is  a 
good  thing  for  a  small  furnace,  where  it  is  pretty  well  proved  that  the 
combustion  does  not  take  place  until  the  gases  have  passed  the  hearth 
of  the  furnace  and  gotten  into  the  regenerator,  and  where  the  heat 
employed  is  only  partially  used ;  so  that  a  combustion  chamber,  to 
insure  at  least  the  beginning  of  combustion  before  the  gases  get  into 
the  melting  chamber,  is  an  important  feature.  However,  it  may  be 
applied  to  the  existing  type  of  regenerator  as  well  as  to  this  one. 
Mr.  Reese  speaks  of  the  waste  ,heat,  without  a  regenerator,  being 
entirely  lost.  Of  course  he  does  not  mean  to  say  that  in  many  cases 
the  regeneration  of  water  is  not  a  very  good  thing.  The  saving  of 
fuel  in  heating  furnaces,  by  means  of  the  regenerating  system,  is  not 
very  great  when  you  come  to  take  the  production  of  steam  by  waste 
heat  into  account.  The  greater  oxidation  of  the  metal  on  the  hearth 
in  the  ordinary  coal  furnace  as  compared  with  the  gas  furnace,  is 
quite  another  consideration. 

Prof.  Egleston — I  could  not  see  from  the  drawings  whether  the 
wall  was  checker  work. 

Mr.  Reese — It  is  checker  work. 

Prof.  JEgleston—I  would  like  to  ask  how  Mr.  Reese  proposes  to 
clean  these  furnaces. 

Mr.  Peese — I  presume  the  best  cleaning  method  would  be  the  in- 
sertion of  a  proper  tool  in  the  dome  of  the  furnace. 

Prof.  Egleston — I  would  like  to  ask  whether  the  cleaning  would 
not  be  four  or  five  times  more  expensive  than  with  the  ordinary  re- 
generator. 

Mr.  Got  don — I  would  ask  Mr.  Reese  if  he  does  not  think  that  the 
heat  entering  the  bottom  of  the  regenerator  will  fuse  and  glaze  the 
brick.  It  appears  to  me  that  it  would  be  almost  impossible  to  erect 
a  structure  of  that  kind  and  have  the  material  sufficiently  refractory 
to  stand  the  heat  of  that  combustion  chamber.  A  very  intense  heat 
is  formed  there.  The  heating  power  goes  on  increasing  up  to  a  maxi- 
mum temperature  of  probably  four  to  six  thousand  degrees.  The 
heat  returns  again  from  the  circular  chamber,  or  the  ordinary  pud- 
dling chamber,  and  passes  right  into  this  combustion  chamber  and 
strikes  those  bricks  already  very  highly  heated  by  the  products  of 
combustion.  It  occurs  to  me  that  it  would  be  almost  impossible  to 
prevent  the  fusing  of  the  brick.  I  would  ask  why  it  is  necessary  to 
go  to  the  expense  of  putting  up  a  casing  for  a  furnace  where  there  is 
no  internal  pressure.  There  is  nothing  but  external  pressure  in  this 
arrangement.     I  may  say   a  very  small  one  of  course  ;  but  it  isji 
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pressure.  There  is  a  slight  external  pressure  on  these  walls.  An  or- 
dinary brick  wall,  such  as  is  used  in  the  Siemens'  regenerator,  would 
be  much  cheaper  than  an  iron  casing.  The  ordinary  Siemens' 
arrangement,  as  I  understand  it,  throws  the  heat  off  from  the  top. 
In  this  arrangement  you  need  to  have  a  sort  of  ridge,  a  very  difficult 
thing  indeed  to  construct — little  ridges  running  toward  the  heater — 
the  combustion  chamber  striking  out  from  it.  These  ridges  of 
themselves  would  soon  drop  away,  I  fancy,  on  account  of  the  high 
heat  striking  right  under  them. 

Mr.  -Reese — The  most  intense  heat  will  be  developed,  I  apprehend, 
at  the  opening  between  the  metal  chamber  and  the  combustion 
chamber.  Though  the  combustion  will  take  place  in  the  combustion 
chamber,  the  area  is  so  much  larger  than  the  path  leading  to  the 
metal  chamber,  that  I  think  the  highest  point  of  temperature  will  be 
at  that  contracted  path.  The  velocity  will  be  very  greatly  increased, 
and  as  temperature  is  but  an  indication  of  molecular  velocity,  we  can 
see  the  temperature  will  be  the  highest  when  the  velocity  is  greatest. 
I  know  that  there  will  be  a  high  temperature  there,  but  there  is  a 
high  temperature  in  the  roof  of  every  furnace.  The  roof  here  will 
be  perforated ;  but  the  area  is  so  enlarged,  and  the  velocity  so 
diminished'  in  passing  through  the  furuace,  that  when  the  gases 
leaving  the  furnace  proper  for  the  metal  chamber,  the  velocity  is 
lowered  by  the  increased  area,  and  of  course  the  temperature  is 
lowered,  and  I  apprehend  that  the  effect  feared  will  not  be  as  great 
as  it  would  be  if  the  velocity  were  greater. 

A  Member — There  is  one  point,  in  regard  to  this  furnace  of  Mr. 
Reese,  that  I  would  like  to  have  brought  to  the  attention  of  this 
Society,  and  that  is  in  regard  to  the  effect. of  the  incandescent  oxide 
of  iron.  It  is  well  known  by  those  who  are  familiar  with  the  opera- 
tion of  the  Siemens'  furnace,  that  the  furnace  will  work  very  well 
for  some  four  to  six  weeks,  and  then  there  will  be  a  difficulty,  and 
it  is  very  easy  on  opening  the  doors  to  find  it,  for  you  will  see 
that  the  three  upper  tiers  of  the  checker  work  are  cemented  by 
this  oxide  of  iron  combining  with  the  silica  of  brick.  If  that  same 
action  takes  place  in  this  furnace,  which  we  shall  have  under  dis- 
cussion, the  whole  mass  of  the  brick  composing  the  checker  work 
will  have  to  be  taken  out,  involving  a  very  large  expense  and  inter- 
ruption to  the  work.  In  the  Siemens'  furnace  the  ties  of  checker 
work  that  are  so  cemented  can  be  removed  in  a  few  hours. 

Mr.  Reese — My  idea  is  that  oxide  of  iron,  and  any  other  earthy 
oxide,  being  carried  over  into  the  combustion  chamber  the  velocity 
is  so  greatly  diminished  by  the  large  area,  that  [the  oxide  or  earthy 
matter  carried  over  will  be  deposited  by  virtue  of  the  expansion  of 
the  gases,  and  the  reduction  of  their  velocity. 
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Prof.  Egleston — Other  things  being  equal,  the  life  of  refractory 
brick  depends  upon  the  material  circulating  in  the  gases  that  it  comes 
in  contact  with.  There  is  an  immense  amout  of  abrasion  from  the 
fine  dust  carried  along  by  the  gases  themselves,  and  there  is  also  a 
large  amount  of  slagging  from  the  same  cause.  Without  some  means 
of  taking  out  the  ashes  or  the  dust  which  are  in  circulation,  I  should 
think  that  it  would  be  concentrated,  and  that  there  would  be  a  great 
deal  of  slagging  at  that  point.  I  have  seen  this  summer  a  very 
ingenious — so  simple  as  to  be  almost  stupid — contrivance  for  remov- 
ing fine  particles  from  gas,  consisting  of  a  trunk  divided  into  two 
sections,  with  comjiartments  in  the  bottom — for  a  trunk  four  feet 
high — from  four  to  five  feet  long  and  fourteen  inches  in  height. 
The  dust  can  only  be  carried  where  there  is  velocity.  As  its  gravity 
tends  to  make  it  seek  the  bottom  of  the  flue,  the  moment  it  falls 
within  one  of  the  compartments,  there  being  no  velocity  possible 
there,  it  falls  to  the  bottom  and  remains  there  in  repose  until  it  is 
removed.  The  length  of  the  compartments  will,  of  course,  depend 
on  the  lightness  of  the  material  to  be  removed.  I  saw  this  system 
applied  with  a  short  trunk  for  removing  extremely  light  material. 
The  gases  escaping  from  the  end  of  the  conduit  were  entirely  clean. 
The  method  of  "  scrubbing  "  gases,  particularly  blast  furnace  gases, 
by  passing  them  through  water,  is  very  defective,  as  it  increases  the 
quantity  of  moisture,  already  sufficiently  large,  which  passes  into 
the  furnace.  Making  them  pass  over  water  is  more  complicated  and 
much  less  effective  than  the  simple  device  which  I  have  mentioned. 
Too  little  attention  is  given,  both  by  those  who  manufacture  and  those 
who  use  refractory  materials,  to  the  circulation  of  the  dust  which, 
when  the  temperature  of  the  furnace  is  not  very  high,  abrades  the 
bricks,  and  when  it  is,  wears  them  off  both  by  mechanical  action  and 
by  slagging. 

Mr.  Gordon — I  think  the  objection  well  taken  with  regard  to 
the  forming  of  cement  in  this  furnace.  The  firm  to  which  I  belong 
are  engaged  in  the  construction  of  the  Whitewell  fire-brick  hot-blast 
stoves  for  heating  the  air  of  blast  furnaces,  the  form  of  which  is 
quite  similar  to  the  drawing.  In  this  case,  some  of  the  oxide  of 
iron  will  be  taken  up  and  derjosited  at  the  cold  end  of  the  stove,  the 
gases  having  traversed  up  the  combustion  chamber,  down  the  first, 
up  the  second  and  down  the  third  heating  chambers,  the  •total  dis- 
tance being  about  two  hundred  and  twelve  feet.  Of  course,  there 
can  be  no  fusing  of  the  oxide  in  these  heating  chambers,  as  there  is 
not  heat  sufficient  after  passing  from  the  combustion  chamber.  In 
this  case  we  have  an  excellent  settling  chamber  for  the  foreign  mate- 
rial in  the  gases,  and  yet  we  fail  to  get  rid  of  them,  still  requiring 
some  cleaning  apparatus  which  enables  the  walls  to  be  scraped  at 
the  will  of  the  operator. 
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PUTTING  A   NEW  CRANK  PIN  IN   THE  ENGINES 
OF  THE  STEAMER  KNICKERBOCKER. 

By  Lewis  Johnson. 

Read  at  the  Annual  Meeting,  1880. 

In  the  month  of  March,  1876, 1  was  called  upon  to  put  a  new  pin  in 
the  cranks  of  the  steamer  "Knickerbocker,"  belonging  to  the  Crom- 
well Line  of  steamers,  plying  between  New  York  and  New  Orleans. 
This  steamer,  under  command  of  Captain  Frank  Kemble,  had  left 
her  wharf  at  New  Orleans  on  the  regular  sailing  day,  and  had  pro- 
ceeded so  far  on  her  voyage  to  New  York  as  to  have  reached  a  distance 
of  one  hundred  miles  from  the  mouths  of  the  Mississippi  river.  At 
this  time,  it  was  discovered  that  the  crank- pin  had  broken  entirely  in 
two,  the  fracture  occurring  inside  of  the  forward  crank-eye,  about 
one  inch  distant  from  the  inside  face  of  the  crank.  After  consultation 
by  the  officers  in  charge,  it  was  determined  to  take  the  vessel  back 
to  New  Orleans,  as  it  was  deemed  unsafe  to  proceed  on  the  voyage 
homeward.  The  vessel  was  headed  back  to  New  Orleans  under 
moderate  speed,  and  it  was  found  that  while  the  engine  was  driven 
ahead,  the  inch  of  solid  pin  projecting  into  the  eye  of  the  forward 
crank  carried  the  crank  around  with  security.  The  steamer  reached 
her  wharf  under  steam  safely,  requiring  the  assistance  of  a  tug  in 
effecting  a  landing  only. 

A  brief  description  of  the  cranks  and  pin  will  give  a  clearer  con- 
ception of  the  job  in  store  for  me.  The  cranks  were  of  wrought 
iron  of  the  balanced  type,  each  crank  fast  to  its  respective  shaft,  and 
the  pin  permanently  fast  in  the  after,  or  main,  crank  only.  In  the  eye 
of  the  forward,  or  drag,  crank,  the  pin  was  secured  by  means  of  chocks 
or  keys,  in  a  manner  familiar  to  marine  engineers,  and  shown  in  the 
accompanying  drawing.  The  pin  was  of  twelve  inches  diameter,  its 
length  between  the  cranks  fourteen  inches,  and  the  thickness  of 
cranks  each  thirteen  inches,  making  the  entire  length  of  the  pin  forty 
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inches.  I  may  err  in  some  of  the  dimensions,  as  I  am  trusting 
entirely  to  memory  in  the  matter,  but  the  dimensions  do  not  materi- 
ally affect  the  purpose  of  this  paper,  which  is  merely  to  describe  the 
operation  of  taking  out  the  old  pin  and  inserting  the  new,  an  oper- 
ation which  presented  some  peculiarities  of  probable  interest  to  me- 
chanical engineers. 

The  first  step  taken  toward  repairing  the  disabled  machinery  was 
the  removal  of  the  old  pin.  An  effort  was  made  to  dislodge  the 
chocks  in  the  forward  crank-eye  by  driving,  but  with  so  little  success 
that  in  view  of  the  necessity  of  getting  the  vessel  to  sea  again  with 
as  little  delay  as  possible,  I  determined  to  resort  to  a  process  of 
heating  and  shrinking  which  had  aforetime  been  practiced  on  a 
smaller  scale  by  myself  and  others.  Preparations  were  immediately 
made  for  heating  the  crank-ends  alternately,  beginning  with  the  for- 
ward crank,  that  holding  the  chocks.  The  cranks  were  placed  in  a 
horizontal  position,  with  the  pin  on  the  port  side.  A  basket  or  crate 
of  iron  plate  was  erected  under  the  crank-end  for  the  purpose  of 
holding  the  fire  for  heating.  The  body  of  the  crank  and  the  sur- 
rounding portions  of  the  frame  and  engine  were  protected  from  the 
heat  by  plates  of  iron  erected  and  secured  by  wire.  A  fire  of  char- 
coal was  then  started  and  fanned  to  a  glow  by  means  of  hand-bellows, 
kept  in  operation  by  relay  of  hands  for  about  six  hours.  During  the 
process  of  heating  the  crank-end,  all  that  portion  of  the  crank,  as 
well  as  the  surrounding  r>arts  of  engine  which  might  have  been  in- 
jured by  heat,  were  kept  cool  by  a  stream  of  water  directed  through 
ordinary  hose. 

At  the  expiration  of  the  time  above  mentioned,  the  coal  was  re- 
moved and  fire  extinguished.  The  crown  of  the  crank  surrounding 
the  pin  was  found  visibly  red,  this  symptom  of  heat  rapidly  losing 
itself  toward  the  center  of  the  crank.  The  stream  of  water  was  now 
turned  on  the  heated  crank  eye,  shrinking  occurring  rapidly  on  the 
outside  of  the  metal  and  extending  gradually  toward  the  pin,  which 
retained  its  heat  the  longest.  At  a  certain  stage  in  the  p>rocess  of 
cooling,  the  shrinkage  of  the  crank-eye  on  the  pin  could  be  distinctly 
heard,  the  sound  conveying  the  impression  of  some  hard  substance 
being  crushed  in  the  jaws  of  a  powerful  vise.  The  water  was  turned 
off  after  the  metal  had  become  comfortably  cool,  and  an  examination 
of  the  chocks  and  broken  section  of  pin  followed.  These  were  found 
perfectly  loose  and  were  easily  removed  by  hand.  The  after  crank 
with  its  section  of  pin  was  next  subjected  to  the  treatment  that  the 
sister  crank  had  just  passed  through,  with  like  gratifying  results,  the 
section  of  pin  being  removed  without  difficulty.  It  was  noticeable, 
during  the  process  of  cooling  the  cranks,  that  when  the  hose  nozzle 
was  directed  to  one  end  of  the  pin  the  water  would  flow  easily  through 
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the  eye  around  the  pin.  Of  course  this  occurred  after  the  metal  had 
become  somewhat  cool. 

A  measurement  of  the  pin  and  the  eye  of  the  crank,  after  the  re- 
moval of  the  pin,  showed  that  the  eye  had  been  slightly  increased  in 
diameter,  while  the  pin  had  been  compressed ;  the  standard  of  meas. 
urement  being  the  body  of  the  pin  near  the  face  of  the  crank,  where 
the  crank-pin  boxes  had  effected  little  or  no  wear,  and  assuming  the 
pin  to  have  been  of  uniform  diameter.  This  assumption  was  justified 
by  an  examination  of  the  spare  pin  on  board,  provided  for  an  emer- 
gency of  this  kind.  This  spare  pin  had  been  made  of  the  same 
dimensions  as  the  fractured  pin,  and  on  trial  was  found  too  small  in 
diameter  for  a  proper  and  safe  fit  in  the  now  expanded  eye  of  the 
after  crank. 

If  the  old  pin  had  been  drilled  out,  the  new  pin  would  doubtless 
have  been  of  the  proper  size.  A  difficulty  was  here  presented,  that 
at  first  gave  some  uneasiness.  It  will  be  remembered,  that  the  object 
in  taking  out  the  old  pin  in  the  manner  described,  was  with  the  view 
of  saving  time ;  and  the  probabilities  were  that  we  had  defeated  the 
very  object  of  our  desires,  in  pursuing  the  plan  adopted  for  removing 
the  pin.  I  dare  not  entertain  the  idea  of  making  an  entire  new  pin, 
as  the  delay  involved  would  have  been  jirovoking,  as  well  as  expens- 
ive. A  little  reflection,  however,  suggested  a  way  out  of  the  diffi- 
culty, which  was  forthwith  adopted.  I  concluded  to  turn  down  that 
portion  of  the  new  pin  hugged  by  the  eye  of  the  after  crank,  to  a 
diameter  of  eleven  and  three-quarter  inches,  or  one- quarter  inch  less 
than  the  body  of  the  pin,  thus  making  the  actual  difference  of  diam- 
eters between  the  crank-eye  and  pin  a  trifle  more  than  a  quarter  of  an 
inch.  The  length  of  pin  thus  reduced  was  thirteen  inches  (the  thick- 
ness of  crank),  and  this  length  embraced  the  two  fore  and  aft  key 
6eats  already  in  the  pin,  and  which  corresponded  in  location  to  those 
in  the  crank-eye.  Coincident  with  the  turning  of  the  pin,  I  had  five 
welded  bands  forged,  of  iron,  one-quarter  inch  thick,  and  two  and 
three-quarter  inches  wide  ;  each  of  these  was  bored  out  to  a  diameter 
one-sixty-fourth  scant,  less  than  the  new  diameter  of  the  pin,  and  the 
edges  faced  to  a  proper  width.  When  the  pin  had  been  turned  to 
this  new  diameter,  the  bands  were  ready  for  use.  One  of  the  bands 
was  then  heated  in  a  clean  coke-furnace  nearby,  the  pin  removed  from 
the  centers  of  the  lathe,  turned  up  on  end,  and  the  hot  band  dropped 
on  the  pin  up  to  the  shoulder  left  by  the  turning ;  after  cooling  the 
band  the  pin  was  again  placed  between  centers,  and  a  rough  cut  taken 
off  the  outer  surface  of  the  band  ;  each  of  the  remaining  bands  was 
placed  on  the  pin  and  turned  off — successively  in  like  manner — -and 
when  all  the  bands  were  on,  a  final  cut  was  taken  off,  leaving  the  pin 
with  a  new  diameter,  a  scant  one-sixty-fourth  larger  than  the  eye  of 
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the  crank.  The  precaution  of  turning  off  the  bands  successively  as 
described,  was  rendered  necessary  to  insure  the  safety  of  the  bands 
from  bursting  by  the  shrinking  strain,  either  in  the  weld  or  elsewhere 
in  taking  off  the  final  cut,  or  had  any  of  the  inside  bands  yielded  to 
the  strain,  it  is  clear,  that  the  bands  following  would  have  to  be  re- 
moved to  put  on  a  new  band,  and  if  the  first  band  had  broken  the 
whole  operation  of  banding  would  have  to  be  repeated,  a  loss  of  time 
we  could  not  afford  to  risk.  I  was  fortunate  in  not  having  any  of  the 
bands  break.  The  pin  was  now  ready  for  inserting  in  the  crank. 
The  after  crank  was  then  heated  in  the  usual  way  to  a  red  heat  in 
the  crown,  and  without  the  least  difficulty  the  pin  was  inserted  and 
adjusted  to  bring  the  key  ways  fair,  the  whole  operation  being  per- 
formed without  excitement  and  only  in  moderate  haste.  The  crank 
was  then  gradually  cooled  with  the  hose,  and  when  cooled  and  the 
debris  removed,  the  divisions  of  key  ways  made  by  the  bands  (shown 
in  the  drawing)  were  cut  away  by  sharp  side  chisels,  the  sides  of  key 
ways  dressed,  the  new  keys  fitted  and  driven  at  this  end  of  the  pin, 
the  chocks  fitted  and  driven  at  the  other  end,  the  safety  plate  fastened 
over  the  ends  of  chocks,  and  the  job  was  completed.  This  same  pin 
is  still  in  the  cranks  of  the  vessel,  and  apparently  as  sound  and  ser- 
viceable as  the  day  it  was  put  in.  The  actual  time  consumed  in  per- 
forming the  job  was  something  less  than  five  days,  working  continu- 
ously day  and  night. 

It  is  proper  here  to  remark  that  I  was  indebted  for  valuable  sup- 
port and  assistance  to  Mr.  Geo.  H.  Clarke,  the  chief  engineer  of  the 
steamship  Knickerbocker,  and  his  able  assistants. 
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Page  8.— In  Equation.  11,  read  "statical"  for  "vertical. " 

pAGB  38.— In  table  of  observations  of  Sample  15,  read  the  bottom  number  of 
sixth  column  '•  1059."  instead  of  "105.9";  also  read  number  in  last  col- 
umn of  same  table  "  1  549."  instead  of  "  1  54.9." 


me  coemcient  ol  taction.  The  operation  of  these  machines,  by  their 
failure  to  obtain  correct  data,  adduced  certain  negative  evidence 
which  established  positive  conditions  as  indispensable  in  the  con- 
struction of  a  machine  capable  of  measuring  the  friction  of  oils. 
The  following  circumstances  must  be  known  or  preserved  constant, 
— temperature,  velocity,  pressure,  area  of  the  frictional  surfaces, 
thickness  of  the  film  of  oil  between  the  surfaces,  and  the  mechanical 
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MEASUREMENTS   OF  THE  FRICTION   OF  LUBRI- 
CATING OILS. 

By  C.  J.  H.  Woodbury,   Boston,  Mass. 

Read  at  the  Annual  Meeting,  1880. 

The  resistance  existing  between  bodies  of  fixed  matter,  moving 
with  different  velocities  or  directions,  presents  itself  in  the  form  of 
a  passive  force  which  results  in  the  diminution  or  the  destruction  of 
apparent  motion.  Modern  science  has  demonstrated  that  this  de- 
struction is  only  apparent,  being  merely  the  conversion  of  the  force 
of  the  moving  body  into  the  oscillation  of  the  resisting  obstacle,  or 
into  that  molecular  vibration  which  is  recognized  as  heat.  Direct 
friction  refers  to  the  case  where  the  two  bodies  are  in  actual  contact, 
and  mediate  friction  where  a  film  of  lubricant  is  interposed  between 
the  surfaces  ;  and  it  is  this  which  applies  to  nearly  every  motion  in 
mechanics  where  bodies  slide  upon  each  other.  The  coefficient  of 
friction  is  the  relation  which  the  pressure  upon  moving  surfaces 
bears  to  resistance.  I  have  devoted  some  time  to  the  examination 
of  this  subject,  in  the  interests  of  the  Mill  Mutual  Insurance  Com- 
panies of  New  England.  In  this  report  of  my  work  upon  the  meas- 
urement of  friction  of  lubricating  oils,  I  shall  restrict  myself  to  a 
description  of  the  apparatus  designed  especially  for  the  purpose,  the 
method  of  its  use,  and  the  results  obtained  with  a  number  of  oils  in 
our  market  which  are  used  for  lubricating  spindles.  Previous 
trials  of  nine  different  oil-testing  machines  in  use  showed  that 
none  of  them  could  yield  consistent  duplicate  results  in  furnishing 
the  coefficient  of  friction.  The  operation  of  these  machines,  by  their 
failure  to  obtain  correct  data,  adduced  certain  negative  evidence 
which  established  positive  conditions  as  indispensable  in  the  con- 
struction of  a  machine  capable  of  measuring  the  friction  of  oils. 
The  following  circumstances  must  be  known  or  preserved  constant, 
— temperature,  velocity,  pressure,  area  of  the  frictional  surfaces, 
thickness  of  the  film  of  oil  between  the  surfaces,  and  the  mechanical 
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effect  of  the  friction.  In  addition  to  the  foregoing  conditions,  the 
radiation  of  the  heat  generated  by  friction  must  be  reduced  to  a 
minimum,  and  the  arrangement  of  the  frictional  surfaces  must  be 
of  such  nature  that  no'oil  can  escape  until  subjected  to  attrition. 
To  measure  the  frictional  resistance  at  the  instant  of  a  given  tem- 
perature, and  at  a  time  when  both  temj>erature  and  friction  are  vary- 
ing, requires  a  dynamometer  which  is  instantaneous  and  automatic 
in  its  action. 

The  apparatus  consists  of  an  iron  frame  supporting  an  upright 
shaft  surmounted  by  an  annular  disc  made  of  hardened  tool  steel. 
Upon  the  steel  disc  rests  one  of  hard  bronze  (composed  of  the  fol- 
lowing alloy, — copper  thirty-two  parts,  lead  two  parts,  tin  two  parts, 
zinc  one  part)  in  the  form  of  a  cylindrical  box.  Water  is  fed  in  at 
one  side  and  a  diaphragm  extending  nearly  across  the  interior  pro- 
duces a  uniform  circulation  before  discharge.  Although  this  use  of 
water  is  original  with  the  writer  in  the  method  of  its  application, 
its  first  employment  to  control  the  temperature  of  the  bearing  sur- 
faces of  oil-testing  machines  is  due  to  Monsieur  G.  Adolphus  Him, 
and  described  by  him  in  a  paper  on  the  subject  of  friction,  read  be- 
fore the  Society  Industrielle  de  Mulhouse,  June  28,  1854.  JV1.  Him, 
however,  confined  his  attention  chiefly  to  the  determination  of  the 
mechanical  equivalent  of  heat,  as  measured  by  the  amount  of  heat 
imparted  to  the  circulating  water,  exj)ressed  in  the  work  of  friction. 
His  investigations  of  lubrication  with  this  apparatus  were  confined 
to  the  friction  of  lard  and  olive  oils,  at  the  light  pressure  of  al  m  >ut 
one  and  four-tenths  pounds  to  the  square  inch.  Mr.  Chas.  N.  Waite, 
of  Manchester,  N.  H.,  has  independently,  and  I  believe  originally, 
made  use  of  water  in  a  friction  machine,  and  has  performed  good 
work  in  the  limit  of  his  experiments. 

A  protection  of  wool  batting  and  flannel,  to  guard  the  discs 
against  loss  of  heat  by  radiation,  diminishes  the  escape  of  heat  to 
about  two  degrees  per  hour,  which  loss  is  not  appreciable  when  ob- 
servations are  taken  within  a  few  seconds'  interval.  A  thin  copper 
tube,  closed  at  the  lower  end,  reacliing  through  the  cover,  extends 
to  the  bottom  of  the  disc ;  the  bulb  of  a  thermometer  is  inserted  in 
this  tube  and  measures  the  temperature  of  the  discs ;  an  oil  tube 
runs  to  the  center  of  the  disc,  and  a  glass  tube  at  the  upper  end  in- 
dicates the  supply  and  its  rate  of  consumption,  and  also  serves  to 
maintain  a  uniform  head  of  oil  fed  to  the  bearing  surfaces.  The 
rubbing  surfaces  of  both  discs  were  made  to  coincide  with  the 
standard  surface  plates  in  the  physical  laboratory  of  the  Institute 
of  Technology,  and  their  contact  with  each  other  is  considered  per- 
fect. 

After  this  surface  was  finished,  the  bronze   disc  was  treated  with 
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bi-chloride   of  platinum,  which   deposited  a  thin  film  of    platinum 
upon  the  surface.     Upon   the  application  of  the  discs  to  each  other 
the  steel  disc  rubbed  off  the  platinum  from  all  parts  of  the  surface, 
showing   the   perfection  of   contact.     This   nicety   of    construction 
enables  a  film  of  oil  of  uniform  thickness  to  exist  between  the  sur- 
faces, and  the  resistances  are  not  vitiated  by  the  collision  of  project- 
ing portions  of  the  disc  with   each  other.     The  rounded  end  of  the 
upper  shaft  fits  into  a  corresponding  depression  in  the  top  of  the 
upper  disc.     This  method  of  connection  retains  the  disc  over  the 
proper  center,  yet  it  is  allowed  to  sway  enough  to  correct  any  irreg- 
ularity of  motion  caused  by  imperfection  of  construction  or  wear  of 
the  lower  disc.     To  obtain  the  desired  condition  of  pressure,  weights 
are  placed  directly  upon  the  upper  spindle.     The  axes  of  the  upper 
and  lower  spindles  do  not  lie  in  the  same  straight  line,  but  are  par- 
allel, being  about  one-eighth  of  an  inch  out  of  line  with  each  other ; 
such  construction-  ^ivin?  a  discoid  motion,  prevents  the.  disc  fro*-" 
wearing  m  rings  and  assists  in  the  iinuorm  distribution  of  the  oil. 
An  arm  is  keyed  through  the  lower  part  of  the  upper  spindle  and 
engages  with   projections   upon    the   upper   disc.     Upon  this  arm, 
which  is  turned  to  the  arc  of  a  circle,  whose  development  is  two  and 
one-half  feet,  a  thin  brass  wire  is  wrapped  upon  this  arc  and  reaches 
to  the  dynamometer,  so  that  the  tension  of  the  dynamometer  is  tan- 
gential and  the  leverage  is  constant  for  all  positions  of  the  upper- 
disc  within  its  range  of  motion.     The  dynamometer  consists  of  a 
simple  bar  of  spring  steel  fastened  at  one  end,  and  bent  by  the  pull 
applied  at  the  other.     Its  deflection  is  indicated  by  a  pointer  upon  a 
circular  dial,  the  motion  of  the  spring  being  multiplied  about  eighty 
times  by  a  segment  and  pinion.     The  whole  is  enclosed  in  a  steam, 
guage  case. 

When  completed,  the  machine  was  subjected  to  a  long  series  of 
tests  with  the  same  oil,  to  determine  the  accuracy  of  the  results,  and 
the  best  method  of  procuring  them.  The  operation  of  the  machine 
under  equal  conditions  with  the  same  oil  gives  results  which  are  as 
closely  consistent  with  each  other  as  could  be  expected  from  such 
physical  measurements.  As  an  example,  four  tests  of  the  Downer 
Oil  Co.  Light  Spindle  (Sample  No.  7)  at  100°  Fah.  and  on  different 
days  gave  .1145,  .1094,  .1118,  .1094:  mean,  .1113.  Another  example 
(Sample  No.  14)  Heavy  Spindle  Oil,  made  by  the  same  firm,  yielded 
for  a  coefficient  of  friction  as  the  result  of  five  different  trials, 
.1246,  .1195,  .1297,  .1201,  .1221:  mean,  1233.  Much  of  the  irregu- 
larity, slight  as  it  is,  is  due  to  the  variable  speed  of  the  engine. 
Concurrent  results  were  obtained  under  ecpial  circumstances,  but  the 
coefficient  of  friction  varied,  not  merely  with  the  lubricants  used, 
but  also  with  the  temperature,  pressure,  and  velocity.     The  results 
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of  my  own  experiments  on  mediate  friction  do  not  agree  with  the 
laws  of  friction  as  given  in  works  on  mechanics,  but  the  coefficient 
of  friction  varies  in  an  inverse  ratio  with  the  pressure,  as  shown 
graphically  on  diagram  C. 
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The  variation  of  friction  with  the  temperature  is  shown,  graphi- 
cally, on  all  sheets  reporting  the  friction  of  each  sample  of  oil. 
These  curves  belong  to  the  hyperbolic  class  of  a  high  degree  ;  but  I 
have  not  been  able  to  deduce  an  equation  which  will  answer  to  the 
conditions  of  more  than  one,  because  the  law  of  the  curves  is  modi- 
fied by  a  constant,  dependent  upon  the  individual  sample  of  oil  used. 
A  little  difference  in  the  sample  would  cause  a  difference  in  the  line 
of  curve.  Reference  is  made  to  diagram  D,  showing  the  coefficient 
of  friction  under  equal  ranges  of  temperature  and  velocity,  but  with 
a  different  series  of  pressures. 
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Curves  showing  Changes  of  Coefficient  of  Friction 
under  Varying  Conditions. 
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The  ratio  of  the  changing  coefficient  varies  with  the  temperature 
at  which  the  range  of  results  is  taken. 

Friction  varies  with  the  area,  because  the  adhesiveness  of  the^lubri- 
cant  is  proportional  to  the  area,  and  the  resistance  due  to  this  cause 
is  a  larger  fraction  of  the  total  mechanical  effect  with  light,  than  it'is 
with  heavy  pressures. 

The  limit  of  pressure  permitting  free  lubrication  varies  with  the 
conditions ;  for  constant  pressures  and  slow  motion  it  is  believed  to 
be  about  five  hundred  pounds  per  square  inch,  while  for  intermittent 
pressures,  like  the  wrist  pin  of  a  locomotive,  the  pressure  amounts 
to  three  thousand  pounds  per  square  inch.  It  has  been  stated  that 
about  four  thousand  foot  pounds  of  frictional  resistance  per  square 
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inch  is  the  maximum  limit  of  safe  friction  under  ordinary  circum- 
stances. 

As  the  results  of  this  preliminary  work  indicated  that  the  coefficient 
of  friction  varied  with  all  the  circumstances,  it  was  necessary  to 
simulate  the  conditions  of  specific  practical  applications  to  determine 
the  value  of  a  lubricant  for  such  purposes. 

It  was  decided  to  begin  these  investigations  with  spindle  oils,  and 
therefore  the  machine  was  loaded  witb  five  pounds  to  the  square  inch, 
and  run  at  about  five  hundred  revolutions  per  minute,  as  the  oil  is 
then  submitted  to  conditions  of  attrition,  corresponding  to  those  met 
with  in  extremes  of  velocity  and  pressure,  in  the  case  of  a  Sawyer 
spindle  running  at  seven  thousand  six  hundred  revolutions  per  min- 
ute with  a  band  tension  of  four  pounds,  and  the  results  subsequently 
given  refer  only  to  the  friction  under  these  conditions,  except  when 
definitely  stated  to  the  contrary. 

This  particular  spindle  was  selected  because,  that  of  the  five  million 
ring  spindles  in  the  United  States,  about  one  and  a  half  million  are 
of  this  manufacture,  and  in  a  large  number  of  the  remainder  the 
conditions  of  lubrication  are  quite  similar. 

In  a  Sawyer  spindle,  the  step  measures  three-eights  by  fifteen 
hundredths  inches,  and  receives  seven-ninths  of  the  pull  due  to  the 
band.  If  that  tension  is  four  pounds,  three  and  one-ninth  pounds 
are  transmitted  to  the  step,  whose  projected  area  is  nine-sixteenth 
square  inch.  The  pressure  per  square  inch  is,  therefore,  five  and 
one-third  (say  five)  pounds. 

The  diameter  of  the  spindle  at  bolster  is   .28",  or  .8976"  in  cir- 
cumference.    At  seven  thousand  six  hundred  revolutions  per  minute, 
its  velocity  amounts  to  6,685'',  or  557  feet,  per  minute  ;  and  the  mean 
area  of  the  discs  of  the  oil  machine  must  revolve  at  this  speed. 
To  illustrate,  let 

II = outer  radius  of  disc =2. 656  inches. 
r  =inner     "         "     "    =1.435       " 
n  =  radius  of  circle  bisecting  the  area. 
Friction al  area  of  annular  disc  =     n(W—  ?•')       .         .         .         •     (1) 

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

(8) 
(9) 
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/4tv(R* +  rJ) 
Length  of  line  bisecting  the  area  =  27r»  =  y -= .     . 


(10) 


-^V^7T\W  +  r')   .     .      .    (11) 


V'l  a  !l.87(7.05 +  2.11)  .    .     .  (12) 
=  Vl9.74x9.16  .    .     .  (13) 


=  V  180.8184     .    .     .  (14) 
=  13.45  inches. 
-  1.12  feet. 
To  give  a  desired  fractional  velocity  of  6.685  inches  per  minute, 
the  discs  must  revolve  at  6,685  divided  by  13.45=497  (say)  five  hun- 
dred revolutions  per  minute.       To  recapitulate:      By  revolving  the 
disc  at  five  hundred  revolutions  per  minute,  with  a  pressure  of  five 
pounds  per  square  inch,  the  oil  is  submitted  to  conditions  of  attrition, 
corresponding  to  those  in  the  extremes  of  velocity  and  pressure  met 
■with  in  a  Sawyer  spindle  revolving  a  seven  thousand  sis  hundred  re- 
volutions with  a  band  tension  of  four  pounds. 

My  reason  forgiving  such  a  detailed  statement  is,  because  the  value 
of  investigations  upon  this  subject  must  be  measured  by  the  precision 
with  which  all  the  conditions  are  observed. 

The  apparatus  is  used  in  the  following  manner  to  measure  the  co- 
efficient of  friction  of  oil.  After  cleaning  with  gasoline  and  wiping 
carefully  with  wash  leather,  the  discs  are  oiled  and  run  for  about  five 
hours,  being  kept  cool  by  a  stream  of  water  circulating  through  the 
upper  disc.  From  time  to  time  they  are  taken  apart,  cleaned,  and 
oiled  again.  After  using  any  oil,  even  if  the  discs  are  afterwards 
cleaned,  the  results  with  the  oil  subsequently  used  give  the  character- 
istics of  the  previous  oil,  and  it  is  only  after  thirty-five  to  forty-five 
miles  of  attrition  that  these  results  become  consistent  with  each 
other ;  each  succeeding  result,  meantime,  approaching  the  final  se- 
ries. This  seems  to  indicate  that  friction  exists  at  the  surface  of  the 
two  discs,  between  the  film  of  oil  acting  as  a  washer  and  the  globules 
of  oil  partially  embedded  within  the  pores  of  the  metal.  If  the  dense 
bronze  and  steel  retain  the  oil  despite  attempts  to  remove  it,  how 
much  longer  must  it  require  to  replace  the  oil  in  machinery  with  a 
new  variety  whose  merits  are  to  be  tested  %  These  experiments  con- 
firm the  wisdom  of  the  increasing  use  of  cast  iron  for  journals,  as 
its  porosity  enables  it  to  contain  and  distribute  the  lubricant. 

When  the  discs  are  ready  to  test  the  oil  the  apparatus  is  cooled  by 
the  circulation  of  water ;  the  flow  of  which  is  stopped  when  the  ma- 
chine is  started.  At  every  degree  of  temperature,  the  corresponding 
resistance  is  read  on  the  dynamometer.  When  the  thermometer  in- 
dicates a  temperature  of  sixty  degrees,  the  counter  is  thrown  in  gear, 
and  the  time  noted.    When  one  hundred-and-thirty  degrees  is  reached, 
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the  counter  is  thrown  out  of  gear,  and  the  time  noted.  This  not 
only  gives  the  velocity  of  the  rubbing  surfaces,  but  the  number  of 
revolutions  required  to  raise  the  temperature  a  stated  number  of  de- 
grees, and  is  a  close  criterion  of  the  oil.  The  coefficient  of  friction 
is  the  ratio  of  the  pressure  to  the  resistance,  and  is  deduced  in  the 
following  manner : 

P=Weight  on  discs. 

R= Outer  radius  of  frictional  contact. 

r  =Inner       "        "  "  " 

N=No.  of  revolutions  per  minute. 

W  — Reading  on  dynamometer. 

<p=Coeffieient  of  friction. 

In  the  friction  of  annular  discs,  the  portions  of  the  surface  near 
the  jserimeter  have  a  greater  leverage  than  those  near  the  center. 
The  mean  sum  of  these  moments  is  found  by  the  calculus. 

Let  e  be  the  radius  of  any  infinitesimal  narrow  ring  or  band.  Then 
will 

Width  of  band-de (1) 

Length  "      "    =2ne (2) 

Area       "      "    —  2nede (3) 

Moment"      "    ^Ine'de  .         .         .       '.     (4) 

The  expression  for  the  area  of  an  annular  disc  is  7i(R? — r2)  .      (5) 
To  express  the  moment  of  a  ring  in  terms  of  an  annular  surface? 
divide  Eq.  4  by  Eq.  5,  as  follows  : 

■,  e2f?e=Moment  in  terms  of  disc  .  .  (6) 


n(R'-r')     R?-r*     Ra 

2         /■ 

Moment  of  whole  disc  ==^ r  /  e'de        .         .  (7) 

R  —  r  J 

2       (  e'  \  R 

Integration  of  whole  disc      -^ -  \  —  }     .         .  (8) 

R  —  r    {  6  \r 

R3  —  r* 

Substituting  the  limits  R1— r', — - —         ...        (9) 

and  calling  the  work  of  friction  =  <pP         .         .         .       (10) 

2<z>P(R3 r3) 

Vertical  moment  of  friction  of  disc=     „,}., jr—     •     (11) 

6(i\  — r  ) 

Mechanical  effect  ^f*?"""^        .         .         .         (12) 
o(K  — r  ) 

Foot  pounds  at  any  velocity = „       ,    '        .      .      (13) 

As  previously  stated,  the  dynamometer  exerts  a  pull  at  the  endoof 
a  lever  whose  development  is  2\  feet. 
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5W 

Resistance  of  dynamometer =-^-       ....      (14) 

5WN 

in  foot  pounds  at  any  velocity=  — =—        .         .         .       (15) 

Then  as  the  total  friction  =  the  resistance  of  the  dynamometer, 
Eq.  13  =  Eq.  15 
i.e.         47ryPN(R3  -r3)  _  5WN 
3     (R'^75) ~~  ~2~ 
Simplifying  we  have 

8;r<pPN(R3-/-3)  =  15WN(R2-r2)      ....       (16) 
87r<pP    (R3-r3)=15W    {W-r')      .         .         .  (17) 

15W(R'-Q 
^    87rP(R3-r3)         '  ■         ■       \     ) 

Separating  the  constants,  q>— ■.    '  )     ^-^       .         .         (19) 

o7T(Rd  —  r'jir 

and      R  =.2213  feet 

r  =.1211     " 

R3  =.01083  R==.0489 

r3  =.00177  r2=.0146 

E3_rs_. 00906,  log.  7.9571282  Ra-r2  =  .0343,  log.  8.5352491 

tt  =3.1416,  log.  0.4971499  (R2-r)log.  8.5352491 

8         "     0.9030900  15  log.  1.1760913 


9.3573681  9.7113404 

9.7113404 


U.3539723  =  2.259 

2.259W  ,_ 

cp=      p  .       (20) 

This  equation  was  solved  for  each  reading  of  the  dynamometer 
with  five  pounds  pressure  on  a  square  inch,  and  the  results  tabu- 
lated in  a  convenient  form  for  computing  the  coefficient  of  friction 
*rom  the  observed  results. 

The  following  table  shows  the  resistance  of  friction  at  100°  five 
hundred  revolutions,  for  various  pressures  : 

RESISTANCE   OF    FRICTION    AT    100°. 

Pressure                                   Resistance  on  Equivalent  band 

Dynamometer.  tension, 

lib.                                        2.62  lbs.  0.8 

2  "                                             3.68  "  1.6 

3  "                                          4.48  "  2.4 

4  "                                           5.28  "  3.2 

5  "                                          5.98  "  4.0 
For  further  detailed  results,  reference  is  made  to  diagram  B. 
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These  results  seem  to  be  intimately  relevant  to  the  most  desirable 
limit  of  tension  to  the  spindle  band  methods  of  operating  cotton- 
spinning  machinery.  By  weighing  the  band  tension  in  various  mills 
it  was  found  that  the  practice  of  tying  bands  lacked  uniformity.  As 
an  example  of  this  variation :  in  one  mill  the  bands  of  a  single  coarse 
frame  are  reported  to  vary  from  one  to  sixteen  pounds.  In  another 
mill,  on  finer  work,  a  number  of  spindles  had  a  range  of  from  one- 
half  to  two  and  a  half  pounds,  and  in  a  third  mill  the  band  tension 
was  between  the  limits  of  one-fourth  to  five  pounds.  The  effect  of 
atmospheric  changes  upon  the  fiber  of  textile  bands  renders  it  impos- 
sible, with  the  present  method  of  constructing  frames,  to  keep  them 
at  a  uniform  tension,  but  this  variation  can  be  reduced  by  a  little 
care.  Is  it  not  worth  while  for  each  spinner  to  learn  the  proper  band 
tension  required  for  his  special  work,  and  then  keep  within  those 
limits"?    The  whole  power  required  to  run  the  frame  would  not  vary 
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in  direct  proportion  to  the  varying  resistance  due  to  the  friction  of 
spindles  at  various  pressures  ;  because  the  resistance  of  the  friction 
in  other  parts  of  the  frame  connected  with  the  spindles,  the  actual 
spinning  of  cotton  fibers,  and  the  alternate  contraction  and  expansion 
of  the  bands,  are  conditions  which  aTe  more  nearly  constant  and  in 
no  case  do  they  vary  in  proportion  with  the  friction  of  the  spindle  ; 
yet  the  variation  is  large,  as  shown  by  the  following  experiment  made 
with  tbe  frame: 

Mr.  Geo.  Draper,  in  a  communication  to  the  Industrial  Record  of 
June  1,  1879,  gives  the  following  valuable  data  on  the  subject :  "  A 
frame  of  Sawyer  spindles  was  taken,  spinning  No.  30  yarn,  ordinary 
twist,  the  front  rolls  running  ninety-five  revolutions  per  minute.  The 
rings,  one  and  five-eighth  inch  diameter,  and  the  traverse  of  the  yarn  on 
the  bobbin,  five  and  a  half  inches.  The  dynamometer  was  applied,  and 
the  power  required  to  drive  the  spindles,  with  a  side  pull  of  the  bands, 
averaging  two  pounds  to  a  spindle,  was  ascertained.  The  bands  were 
then  cut  off,  and  a  new  set  put  on,  with  a  side  pull  of  three  pounds 
per  spindle,  and  the  frame  tested  again,  all  things  remaining  as  be- 
fore. The  operation  was  then  repeated  at  four,  five,  six,  seven,  eight 
and  nine  pounds  side  pull  per  spindle,  with  the  result  shown  in  the 
following  table : 

Calling  the  amount  of  power  required  to  drive  the  spinning  frame 
with : 

2  pounds  tension  on  the  bands 100 

It  will  be  with — 

3  "  «  "  "      117 

4  "  "  "  "      131 

5  "  "  "  "       144 

■6       "  "  "  "     159 

7  "  "  "  "      177 

8  "  "  "  "      197 

9  "         considerably  more  than  double. 

The  results  are  shown  graphically  in  chart  E. 

Tbe  lubricant  used  is  one  of  the  most  important  factors  in  the  cost 
of  power.  In  the  present  condition  of  engineering  science,  it  is  im- 
possible to  state  what  exact  proportion  of  the  power  used  by  a  mill 
is  lost  in  sliding  friction,  but  in  a  print-cloth  mill  only  about  twenty- 
five  per  cent,  of  the  power  is  utilized  in  the  actual  processes  of  card- 
ing, spinning,  and  weaving  the  fiber,  not  including  the  machinery 
eDgaged  in  the  operation,  leaving  seventy-five  per  cent,  of  the  power 
as  absorbed  by  the  rigidity  of  belts,  the  resistance  of  the  air  and 
friction.  The  coefficient  of  friction,  under  the  conditions  submitted  by 
my  oil  tester,  vary  at  100°  and  five  hundred  revolutions,  from  7.56  per 
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cent,  in  the  case  of  32°  Ex.  machinery  oil  manufactured  by  the  Downer 
Oil  Co.,  to  2-1.27  per  cent,  in  the  case  of  neatsfoot  oil ;  and  the  result 
of  this  investigation  confirms  me  in  the  opinion  that  the  successful 
operation  of  a  spinning  frame  is  far  more  closely  dependent  upon  the 
individual  management  in  respect  to  the  conditions  of  band  tension, 
lubrication,  and  temperature  of  the  spinning  room,  than  all  other 
causes  combined.  Not  that  some  forms  of  spindle  are  not  superior 
to  others,  but  that,  without  wise  supervision,  the  most  desirable 
forms  of  spindle  must  fail  to  show  the  merits  clue  to  the  skill  of  their 
promoters.  It  may  be  stated  that,  within  a  close  approximation,  the 
lubricating  qualities  of  an  oil  are  inversely  proportional  to  its  viscos- 
ity ;  that  is,  the  friction  decreases  with  the  cohesion  of  the  globules 
of  the  oil,  for  each  other.  The  endurance  of  a  lubricant  is  in  some 
degree  proportional  to  its  adhesion  to  the  surfaces  forming  the  jour- 
nal. An  ideal  lubricant  in  these  respects  would  be  a  fluid  whose 
moleOAktS  had  a  minimum  cohesion  for  each  other,  and  a  maximum 
adhesio:  for  metallic  surfaces.  The  viscous  oils  will  also  adhere 
more  stnngly  to  metals,  and  hence,  under  the  conditions  of  heavy 
bearing?,  it  is  obligatory  to  use  such  thick  lubricants,  knowing  that 
the  emjloyment  of  an  oil  with  great  frictional  resistance  is  infinitely 
preferable  to  the  attempt  to  use  an  oil  so  limpid  that  it  could  not  be 
retain*,  between  the  bearings.  With  light  pressures  the  more  fluid 
oils  ae  admissible,  and  in  all  cases  the  oils  should  be  as  limpid  as 
the  crcumstances  will  permit.  Oils  with  great  endurance  are  apt  to 
give  great  frictional  resistance,  and  in  the  endeavor  to  save  gallons 
of  oil,  many  a  manager  has  wasted  tons  of  coal.  The  true  solution 
of  solving  the  problem  of  lubricating  the  machinery  of  an  establish- 
ment is  to  ascertain  the  consumption  of  oil,  and  the  expenditure  of 
power,  both  being  measured  by  the  same  unit,  viz.,  dollars. 

Tae  fluidity  of  the  oils  was  measured  by  the  following  apparatus. 
A  pipette  was  placed  within  a  glass  water-jacket  where  the  temperature 
was  controlled  and  kept  constant  by  circulation  from  a  reservoir  kept 
at  the  desired  temperature.  .  The  cajjacity  of  the  bulb  is  twenty- 
eight  cubic  centimeters  and  the  orifice  measures  three  and  a  half 
inches  long  and  .039  of  an  inch  in  diameter. 

The  oil  was  drawn  into  the  bulb  of  the  pipette,  and  after  the  whole 
was  brought  to  the  desired  temperature,  the  time  required  for  its 
discharge  accurately  noted  by  a  stop  watch. 

These  observations  were  made  on  each  of  the  oils  for  a  series  of 
temperatures  varying  from  50°  to  150°  Fah. 

If  the  fluidity  of  an  oil  is  the  measure  of  its  lubricating  qualities, 
these  observations  would  not  be  identical  with  the  frictional  results, 
because  the  pressure  in  this  case  was  that  due  to  a  head  of  about  five 
inches  of  oil,  or  about  one- sixth  of  a  pound  to  the  square  inch  and 
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rubbing  against  a  glass  surface  ;  while  with  the  frictional  machine 
the  pressure  was  five  pounds  to  the  square  inch,  and  the  surfaces 
bronze  and  steel. 

In  both  cases,  however,  the  character  of  the  surfaces  and  the 
pressures  were  uniform  conditions,  and,  therefore,  they  would  not 
affect  the  relations  of  either  set  of  experiments  in  their  consistency 
with  each  other.  If  the  lubrication  and  fluidity  of  oils  followed  the 
same  law  of  variation  with  the  temperature,  the  results  of  one  would 
be  directly  proportional  to  those  in  the  other,  provided  that  all  other 
conditions  were  preserved  constant.  Such  comparisons  showed  that 
the  relations  of  the  fluidity  to  the  lubricating  qualities  did  not  fol- 
low any  uniform  ratio. 

At  a  low  rate  of  temperatures,  the  fluidity  increased  faster  than 
the  lubricating  quality  of  the  oil ;  between  about  70°  and  110°  the 
coincidence  was  quite  close  ;  at  higher  temperatures  the  fluidity 
does  not  increase  so  fast  as  the  lubrication.  There  was  uoAs.tejr 
close  correspondence  between  the  fluidity  of  oils  at  the  saie  coeffi- 
cient of  friction. 

The  result  of  these  investigations  upon  the  relation  of  fluility  to 
lubrication  seems  to  indicate  that  fluidity  is  a  concomitant  rather 
than  a  cause  of  the  anti-frictional  qualities  of  a  lubricant. 

In  the  case  of  mining  drills  operated  by  condensed  air,  an  intense 
cold  is  produced  at  the  liberation  of  air,  and  on  some  such  beajngs, 
kerosene  oil  is  the  only  lubricant  which  can  be  used.  I  think  i-,  ex- 
tremely probable,  that  at  these  low  temperatures,  the  viscositj  of 
kerosene  oil  is  equal  to  that  of  lubricating  oils  at  the  average  tem- 
perature of  bearings  in  general  use.  On  the  other  hand,  only  the 
most  viscous  oils  can  be  used  in  such  extremely  high  temperatures 
as  the  cylinder  and  steam  chest  of  steam  engines. 

According  to  the  results  which  I  have  obtained,  the  coefficient  of 
friction  at  50°  is  about  seventy-five  per  cent,  in  excess  of  that  at  75°, 
and  it  seems  to  me  that  the  manager  of  every  mill,  which  is  run  by 
steam,  ought  to  consider  the  question  of  the  temperature  of  the  mill 
in  early  morning  during  the  winter  months,  whether  as  a  matter  of 
economy,  it  is  cheaper  to  warm  a  mill  by  increased  friction  on  Mon- 
day morning,  or  to  keep  the  mill  and  machinery  warm  during  the 
interval  from  the  preceding  week. 

The  humidity  of  the  atmosphere  is  an  important  factor  in  the  me- 
chanical operation  of  textile  machinery,  as  well  as  in  the  fabrication 
of  cotton.  A  year  ago  I  submitted  to  the  New  England  Cotton 
.Manufacturers'  Association  measurements  showing  the  effects  of 
humidity  on  textile  bands,  and  I  am  also  of  the  opinion  that  there 
is  a  difference  of  friction  in  machinery  due  to  atmospheric  influences, 
upon  the  lubricant. 
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•  Possibly  the  moisture  condensed  upon  the  cold  metal  from  the  at- 
mosphere becomes  commingled  with  the  oil  and  thereby  reduces  ite 
viscosity,  diminishing  the  friction. 

The  question  of  endurance  of  oils  has  not  been  given  in  these  ex- 
periments, because  the  consumption  of  oil  varies  with  the  tempera- 
ture, and  it  is  proposed  to  investigate  the  matter  subsequently  by 
running  the  machine  and  controlling  the  temperature  of  the  discs  to 
100°  by  the  circulation  of  water.  The  amount  of  oD  consumed  could 
be  very  easily  measured  by  the  difference  in  the  level  of  the  glass- 
feeding  tube,  or  the  weight  of  the  oil  required  to  preserve  it  at  that 
level  during  the  experiment. 

In  the  detailed  results  the  friction  is  given  for  the  whole  range  of 
temperatures,  but  in  the  following  summary  100°  has  been  selected 
as  the  temperature  which  most  nearly  corresponds  to  the  heat  of 
spindle  bearings. 

To  ascertain  these  temperatures,  holes  were  drilled  in  the  rails  of 
a  spinning  frame,  passing  as  near  the  bolsters  and  steps  as  possible  ; 
the  bulbs  of  thermometers  were  inserted  in  these  holes,  and  while 
the  frame  was  in  operation  2,586  readings  were  taken,  covering  a 
period  of  four  weeks.  The  temperature  of  the  air  was  noted  from  a 
thermometer  placed  in  the  middle  of  the  frame. 

The  mean  temperature  of  the  bolsters  was  8.10°  Fah.,  and  of  the 
steps  6.74°  Fah.  above  the  temperature  of  the  room. 

Other  experiments  were  made  to  learn  the  temperature  of  the 
bearings  of  the  shafting.  Holes  about  half  an  inch  in  diameter  were 
bored  in  the  upper  caj)  of  such  journals,  and  a  thin  copper  tube, 
closed  at  the  lower  end,  inserted  and  extended  nearly  to  the  shaft. 
This  tube  contained  water  and  the  temperature  was  measured  by  a 
thermometer  placed  therein.  The  tenrperature  of  the  room  was 
measured  by  a  thermometer  hung  near  the  bearing.  There  were 
journals  in  good  running  order  whose  temperature  at  the  frictional 
surfaces  was  140°  Fah.  This  method  of  using  thermometers  was 
first  suggested  by  Mr.  Edward  Atkinson,  and  1  consider  it  the  most 
accurate  test  of  the  anti-frictional  qualities  of  a  lubricant  at  the  ser- 
vice of  those  in  charge  of  machinery. 

Great  pains  have  been  taken  to  procure  pure  samples  of  the  oils 
experimented  with,  and  they  were  obtained  directly  from  the 
manufacturers ;  and  to  the  courtesy  of  Mi'.  Thos.  Bennett,  Jr., 
I  am  indebted  for  a  large  number  of  samples  of  sperm  oils  which 
were  procured  by  him  directly  from  the  whale-ships  or  refiners. 

The  following  table  gives  the  coefficient  of  friction  at  100°  Fah. 
and  five  hundred  revolutions,  with  a  pressure  of  five  pounds  to  the 
square  inch  : 
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No.  of                                       Kind  of  oil.                                       Coeff.  of  fric- 

sample.  tion  at  100°. 

1.  Mineral  oil,  (unknown) 1635 

28.     Downer  Oil  Co.,  Champion .1732 

10.  "  "       "     Heavy  Spindle 1187 

14.  "  "       "  "  "        1233 

19.  "  "       "  "  "       1208 

7.  "  "       "     Light  Spindle 1113 

20.  "  "       "  "   .        "       1132 

8.  "  "       "      32°  Ex.  Machinery 0756 

2.  Leonard  &  Ellis,  Valvoline  Spindle 1476 

11.  "  "       White  Valvoline  Spindle 1493 

12.  "  "       Valvoline  White  Loom 1201 

15.  "  "  "         Machinery 2243 

95.  "  "       D  D  Spindle 0973 

96.  "  "       D  Spindle 0950 

13.  Olney  Bros.,  German  Spindle 1190 

16.  "  "       A  "       1103 

3.  John  P.  Squire,  Lard 2181 

4.  Bleached  Winter  Sperm  A 1067 

5.  "  "  "       B 1217 

6.  "  "  "       C 1170 

9.  Aiken  &  Swift,  Bleached  Winter  Sperm 0956 

17.  "  "        Unbleached    "  "       1147 

18.  "  "        Bleached        "  "       1141 

21.  Seal  Oil 1608 

22.  Alex.  Boyd  &  Sons,  Neatsfoot 2427 

23.  Mixed  animal  and  Mineral  oil  (Unknown) 1608 

24.  "  "  "  "         "  "         1377 

25.  "  "  "  "         "  "         1190 

90.  Paraffine 1247 

92.  "  mixed  with  one-fifth  Sperm 1185 

91.  B.  L.  Agnew  &  Co.,  Superior  Spindle 1360 

93.  Paraffine  mixed  with  one-third  Neatsfoot 1347 

94.  Unknown  Sperm 1397 

98.     Portland  Kerosene  Oil  Co.,  Machinery  Oil 1189 

100.  W.  H.  Place,  Pearl  Spindle 1309 
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O    03 


'  th  Ph  Nitro  Sulphuric  Acid  test. 


1. 

10.  338'     1.3     Dark  yellow  with  much  cake. 
14. 

19. 

7.  314°      2.7     Dark  yellow,  some  cake. 
20. 

8.  284°     5 . 5     Slightly  yellow,  only  a  few  flakes  of  cake. 

2.  316°      3.7     Dark  yellow,  very  thin  layer  cake. 

11.  324°     3.8     Slightly  yellow,  not  on  brown  specks. 

12.  318°      3.3     Yellow,  not  a  single  flake,  no  solid  matter. 

15.  286°      7.2     Turned  dark,  gives  a  black  layer  of  gam. 

13.  322°      1.9     Quite  an  amount  of  cake. 

16.  282°      5.0         "       "         "  " 

3.  +0.4     Hardened  with  much  acid  to  a  white  solid  mass. 
4. 

5. 
6. 

9.  +0.3     Thickened  up  a  little  like  jelly. 
17. 

18. 

90.  314"      2.2 

91.  357°     2.5 

92.  322°      2.9 

93.  298°     2.8 

94.  430d+0.5 

95.  328°     1.4 

96.  316°     2.2 
98.  306°     3.0 

With  castor  oil  the  friction  was  so  great  as  to  throw  off  the  belt 
driving  the  machine  ;  and  as  the  time  allotted  for  this  work  expired 
on  that  day,  other  arrangements  for  a  wider  belt  could  not  be  made, 
and  it  can  only  be  said  that  its  friction  exceeds  that  of  any  other  oil 
given  in  these  tables. 

The  following  diagrams  give  a  graphical  representation  of  the  co- 
efficient of  friction  for  the  several  oils  at  temperatures  between  50° 
and  130°  Fah. 
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The  anti-frictional  properties  of  these  oils  under  the  condition  of 
these  experiments  are  expressed  in  the  following  order : 

Manufacturers.  Oils. 

Downer  Oil  Co.  32  Ex.  Machinery. 

Aiken  &  Swift.  Bleached  Winter  Sperm. 

Olney  Bros.  A  Spindle. 

Downer  Oil  Co.  Light  Spindle. 

Aiken  &  Swift.  Bleached  Sperm. 

Aiken  &  Swift.  Unbleached  Sperm. 

Portland  Kerosene  Oil  Co.  Machinery. 

Olney  Bros.  German  Spindle. 

Leonard  &  Ellis.  Valvoline  White  Loom. 

Downer  Oil  Co.  Heavy  Spindle. 

W.  H.  Place.  Pearl  Spindle. 

B.  L.  Agnew  &  Co.  Superior  Spindle. 

Unknown.  Sperm. 

Leonard  &  Ellis.  Valvoline  Spindle. 

Unknown.  Seal. 

Downer  Oil  Co.  Champion. 

John  P.  Sqiure.  Lard. 

Leonard  &  Ellis.  Valvoline  Machinery. 

Alexander  Boyd  &  Sons.  Neatsfoot. 

It  is  no  disparagement  to  the  qualities  of  an  oil  that  it  is  low  in 
the  foregoing  list,  except  so  far  as  it  relates  to  the  resistance  of  fric- 
tion under  these  conditions.  For  circumstances  of  great  pressure 
and  slow  motion,  I  am  of  the  opinion  that  the  order  of  the  list  would 
be  varied ;  and  if  the  question  of  endurance  were  only  to  be  con- 
sidered, still  another  change  in  the  order  would  be  necessary. 

A  portion  of  a  lot  of  unbleached  sperm  oil  (Sample  17)  was 
bleached  expressly  for  these  tests  (Sample  18),  but  the  results  of  the 
two  are  so  nearly  uniform  as  to  be  practically  identical.  The  result 
of  bleaching  does  not  affect  the  anti-frictional  properties  of  the  oil, 
although  it  undoubtedly  reduces  its  gumming  qualities. 

The  friction  of  sperm  oil  is  subject  to  sudden  variations  which  oc- 
cur at  certain  temperatures  for  the  same  sample  of  oil.  The  ex- 
planation of-  this  lies  in  the  fact  that  sperm  oil  consists  of  a  large 
number  of  varieties  of  spermaceti,  each  of  which  is  liquefied  at  cer- 
tain temperatures,  at  which  the  oil  is  relieved  of  waxy  or  at  least 
gelatinous  particles,  and  becomes  a  more  perfect  lubricant. 

This  is  very  apparent  in  the  irregularities  existing  in  the  graphi- 
cal representations  of  the  tests  of  samples  marked  B  and  C. 

The  friction  of  lard  oil  for  high  temperatures  exceeds  that  of  ;my 
other  lubricant  in  the  list ;  and  this  adhesive  quality  enables  it  to  re- 
main on  tools  used  for  cutting  iron. 
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In  conclusion,  it  may  be  stated  that  the  data  necessary  to  determ- 
ine the  safety  and  efficiency  of  a  lubricant  comprise : 

1.  The  flashing  point  of  its  vapor,  which  is  ascertained  by  slowly 
heating  a  sample  over  an  oil  bath,  quickly  passing  a  small  flame  over 
the  oil  and  noting  the  temperature  at  which  the  vapor  first  flashes. 
The  danger  from  an  oil  does  not  arise  from  the  point  at  which  the 
oil  actually  ignites,  but  at  the  lower  temperature  when  the  inflam- 
mable vapor  bursts  into  flames,  which  communicate  fire  to  a  distance 
limited  only  by  the  extent  of  the  vapor. 

2.  The  quantity  of  such  volatile  matter  is  important  both  as  re- 
spects safety  and  value.  The  heat  of  friction  liberates  that  portion 
of  the  oil  which  is  volatile  at  the  temperature  of  the  bearings  ;  filling 
the  mill  with  a  dangerous,  noxious  vapor,  and  also  dissipates  in  the 
air  a  portion  of  the  oil  which  is  paid  for  by  the  gallon,  but  does  not 
serve  to  give  any  return  of  value  in  lubrication. 

The  quantity  of  matter  volatile  under  140°  Fah.  is  measured  by 
heating  a  known  weight  of  oil  in  a  watch  glass,  and  maintaining  a 
constant  temperature  of  140°  Fah.  for  twelve  hours.  This  simu- 
lates the  conditions  of  the  temperature  of  the  bearings,  mentioned 
previously,  and  the  maximum  time  that  it  would  be  consecutively 
heated. 

In  the  case  of  mineral  oils  the  loss  from  evaporation  varied  from 
less  than  one,  up  to  thirty  per  cent.  With  animal  and  vegetable  oils 
there  is  a  slight  gain  in  weight  due  to  oxidation. 

3.  The  tendency  to  spontaneous  combustion  is  estimated  by  a 
uniform  amount  of  cotton  waste  smeared  with  a  certain  quantity  of  oil' 

A  thermometer  whose  bulb  extends  to  the  center  of  the  mass  in- 
dicates any  rise  of  tenq^erature  due  to  oxidation.  Any  gain  of 
weight  during  the  preceding  evaporation  test  shows  a  liability  to 
spontaneous  ignition. 

i.  Freedom  from  acid  is  an  important  factor  in  oil,  because  acid 
is  a  cause  of  corrosion  of  metals,  and  will  tend  to  remove  the  oil 
from  the  frictional  surfaces  where  adhesion  is  indispensable.  The 
presence  of  acids  is  shown  by  corrosion  of  copper. 

5.  The  anti-frictional  properties  of  an  oil  can  be  measured  only  by 
direct  trial  under  the  desired  conditions  of  pressure,  velocity,  and 
temperature. 

The  results  of  these  experiments  show  that  a  lubricant  must  have 
a  certain  adhesion  to  the  frictional  surfaces  to  maintain  free  lubri- 
cation ;  but  beyond  that  point  the  adhesiveness  of  the  oil  resists  the 
motion  of  the  surfaces,  increasing  the  friction.  A  tliick  oil  gives 
greater  frictional  resistance  than  a  thin  one ;  and,  where  ease 
in  running  is  the  object,  the  most  limpid  oil  should  be  used,  con- 
sistent with  the  conditions  of  the  specific  circivm stances  of  the  bear- 
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Ill  general  terms  :  the  specific  gravity  of  an  oil  gives  no  indica- 
tion of  its  value  as  a  lubricant,  in  the  qualities  of  viscosity,  body,  or 
endurance. 

This  work  is  the  result  of  a  part  of  the  ordinary  service  of  certain 
mutual  insurance  companies.  As  there  appears  no  relation  between 
underwriting  and  an  investigation  involving  questions  of  chemistry 
and  mechanics,  I  beg  to  add  a  few  words  by  way  of  explanation  of 
the  system  of  the  factory  mutual  insurance  companies.  The  better 
class  of  factories  are  associated  together  in  mutually  sustaining  each 
other's  losses  by  fire,  forming  the  most  powerful  scheme  of  co- 
operation in  the  world.  The  amount  of  property  so  indemnified  is 
some  two  hundred  and  six  millions  dollars,  or  an  amount  exceeding 
three-fifths  of  the  aggregate  national  bank  circulation  of  the  United 
States. 

The  surplus  of  the  year's  work  is  distributed  among  the  assured, 
giving  the  clients  protection  at  the  cost  of  the  annual  losses  by  fire 
and  the  expense  of  administering  the  company ;  the  latter  item 
amounting  to  a  sum  but  little  in  excess  of  the  interest  accruing 
from  the  premiums  deposited  for  indemnifying  the  claimants  for 
losses. 

Their  policy  has  been  to  anticipate  all  preventible  causes  of  fire, 
prescribing  the  ounce  of  prevention.  Instead  of  charging  a  pre- 
miiun  commensurate  with  the  estimated  hazard  of  a  structure,  and 
thus  betting  against  a  chance,  they  demand  that  the  mills  shall  be 
brought  up  to  the  standard  of  their  associates  in  all  matters  of  ap- 
proved construction,  equipment  of  fire  apparatus  and  orderly  super- 
vision. Instead  of  making  the  rate  conform  to  the  risk,  the  risk  is 
brought  up  to  the  rate.  Mohammed  does  not  go  to  the  mountain, 
but  the  mountain  comes  to  Mohammed.  To  achieve  this  end,  all 
that  theoretical  knowledge  can  suggest,  or  practical  experience  ac- 
complish, is  utilized. 

The  result  of  this  system  has  served  to  reduce  the  cost  of  indem- 
nifying cotton  mills  against  loss  by  fire,  by  a  sum  equal  to  saving 
their  capital  every  thirty-five  years,  if  the  saving  be  compounded 
at  six  per  cent.,  reducing  in  cost  every  piece  of  New  England  cotton 
fabric. 

In  demanding  a  better  class  of  mills  as  the  art  of  their  construc- 
tion has  been  developed,  in  all  that  pertains  to  light,  warmth,  sanita- 
tion, ample  stairways,  protected  elevators,  and  the  abolition  of  gar- 
rots  :  in  everything  relating  to  physical  comfort  and  safety  they  have 
incidentally  accomplished  more  for  the  amelioration  of  the  employed 
than  all  the  class  legislation  ever  enacted  in  the  Commonwealth  of 
Massachusetts. 

Furthermore,  the  capital  employed  in  textile  manufacturing   has 
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reaped  an  indirect  benefit  from  mutual  insurance.  Besides  the 
reduction  in  rates,  the  decreasing  number  of  destructive  fires  in 
such  mills  has  also  diminished  the  losses  arising  from  interrupted 
business — a  risk  which  is  not  covered  by  mutual  insurance. 


Frictional  test  of  Mineral  [  Unknown]  Oil.  March  27 — 29,  1880. 
Sample  nearly  two  years  old.  Rev.  per  in  in.  475.55.  Press- 
ii  re  per  sq.  inch  5  lis.  Velocity  of  rubbing  tin-faces,  per  minute 
534.99  feet.     No.  of  sample,  1.     No.  trials,  10. 
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Frictional  test  of  Leonard  &  Ellis  Valvoline  Spindle  Oil,  April 
9 — 10,  1880.  Rev.  per  min.  445.52.  Pressure  per  sq.  inch 
5  lbs.  Velocity  of  rubbing  surfaces  per  mi  nut,'  501.21  feet. 
No.  of  sample,  2.     No.  of  trials,  5. 
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Frictional  test  of  John P.  Squire  &  Cos.  Lard  Oil,  April  9 — 14, 
1880.  Rev.  per  min.  501.10.  Pressure  per  sq.  inch  5  lbs. 
Velocity  o>'  rubbing  surfaces  per  minute  563.74  feet.  No.  of 
le,  3.     No.  of  trials,,  7. 
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Frictional  test  of  No.  25  A.  Bleached  Winter  Sperm  Oil,  April 
15 — 16,  1880.  Rev.  per  min.  500.92.  Pressure  per  sq.  inch 
5  lbs.  Velocity  of  rubbing  surfaces  pur  minute  563.53  feet. 
Number  of  sample,  4.     No.  of  trials,  5. 
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Frictional  test  of  No.  25  B.  Sperm  Oil,  April  16,  1880.  Rev.  per 
minute  501.81.  Pressure  per  sq.  inch  5  lbs.  Velocity  of  rub- 
bing surfaces  per  minute  564.60  feet.  No.  of  sample,  5.  No. 
of  trials,  3. 
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Frictional  test  of  25  C.  Sperm  Oil  April  19,  1880.  Rev.  per 
minute  517.59.  Pressure  per  sq.  inch  5  lbs.  Velocity  of  rub- 
bing surfaces  per  minute  582.28  feet.  No.  of  sample,  6.  No. 
of  trials,  2. 


^ 

K 

a 

c 

a 

i. 

a 

i, 

a 

P.g 

jH  _o 

'ftfl 

sta  o 

ag 

w.k.2 

Pig 

*3   .2 

ftg 

Sq  .  _2 

P-g  «= 

0  b 

o  °o 

s  p 

o°t, 

a  = 

O  c  o 

b  a 

o  °  o 

a  a 

o  °o 

BSo 

o  b 

4>  "£ 

ft 

s* 

ft 

Ha 

ft 

H  * 

ft 

H° 

o  -a 
ft 

£«o 

ft 

50 

64 

.1721 

78 

.1365 

92 

.1195 

106 

.1098 

120 

0920 

51 

65 

.1694 

79 

.1357 

93 

.1194 

107 

.1080 

121 

0915 

52 

66 

.1678 

80 

.1347 

94 

.1188 

IDS 

.1065 

122 

1190(1 

53 

67 

.1663 

81 

.1335 

95 

.1187 

109 

.1061 

123 

0903 

54 

.2243 

68 

.1646 

82 

.1320 

96 

.1182 

110 

.1044 

124 

0888 

55 

.2163 

69 

.1596 

83 

.1301 

97 

.1174 

111 

.1031 

125 

0883 

*56 

.2118 

70 

.1563 

84 

.1287 

98 

1170 

112 

.1018 

126 

0870 

57 

.2020 

71 

.1513 

85 

.1251 

99 

.1167 

113 

.1010 

127 

0864 

58 

.1939 

72 

.1461 

86 

.1237 

100 

.1160 

114 

.  1007 

128 

0846 

59 

.1913 

73 

.1416 

87 

.1229 

101 

.1147 

115 

0999 

129  i 

0834 

60 

.1885 

74 

.1406 

88 

.1220 

102 

.1143 

116 

0989 

130! 

0827 

61 

.1845 

75 

.1400 

89 

.  1211 

103 

.1140 

117 

.0968 

62 

.1787 

76 

.1380 

90 

.1203 

104 

.1139 

118 

.0952 

. 

63 

.  1  7.10 

77 

.1375 

91 

.1201 

:105 

.1118 

119 

.0946 

2i ; 


MEASUREMENTS    OF    THE    FRICTION    OF    LUBRICATING    OILS. 


Junctional  test  of  Dovmer's  Light  Spindle  Oil,  April  17 — 19, 
1880.  Rev.  per  min.  500.21.  Pressure  per  sq.  inch  5  lbs.  "Ve- 
locity of  rubbing  surfaces  per  minute  562.73  feet.  No.  of  sam- 
ple, 7.     No.  of  trials,  4. 
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Frictional  test  of  Downer  Oil  Co.,  32,  Ex.  Machinery  Oil,  April 
20 — 21,  18S0.  Rev.  per  minute  503.91.  Pressure  per  sq.  inch 
5  lbs.  Velocity  of  rubbing  surfaces  per  minute  566.81  feel. 
No.  of  sample,  8.     No.  of  trials,  6. 
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Frictional  test,  of  Aiken  <b  Swift  Bleached  Winter  Sperm  Oil, 
April  22 — 23,  1880.  Rev.  per  min.  456.09.  Pressure  per  sq. 
inch  5  lbs.  Velocity  of  rubbing  surfaces  per  minute  513.10 
feet.     No.  of  sample,  9.     No.  of  trials,  6. 
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Frictional  test  of  Downer's  Heavy  Spindle  Oil,  May  23.  1880. 
Rev.  per  minute  503.43.  Pressure  per  sq.  inch  5  lbs.  Velocity 
of  rubbing  sirr/ares  per  minute  541.57  feet.  No.  of  sample,  10. 
No.   of  trials,  3. 
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Frictional  test  of  Leonard  &  Ellis  White  Spindle  Oil,  April 
23 — 26,  1880.  Rev.  per  min.  485.46.  Pressure  per  sq.  inch 
5  lbs.  Velocity  of  rubbing  surfaces  per  minute  546.15  feet. 
No.  of  sample,  11.     No.  of  trials,  5. 
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Frictional  test  of  Valvoline  White  Loom  Oil,  April  26,  1880. 
Rev.  per  minute,  512.51.  Pressure  per  sq.  inch  5  lbs.  Velocity 
of  rubbing  surfaces  per  minute  576.59  feet.  No.  of  sample, 
12.     No.  of  trials,  2. 
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Frictional  test  of  Olney  Bros.  German  Spindle  Oil,  April  30 — 
May  1,  1880.  Hev.  per  min.  481.41.  Pressure  per  sq.  inch 
5  lbs.  Velocity  of  rubbing  surfaces  per  minute  541.59  feet. 
No.  of  sample,  13.     No.  of  trials,  6. 
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Frictional  test  of  Downer  Heavy  Spindle  Oil,  May  1  and  3,  1880. 
Rev.  per  minute  498.56.  Pressure  per  sq.  inch  5  lbs.  Velocity 
of  rubbing  surfaces  per  minute  5G0.88  feet.  No.  of  satnple,  14. 
No.  of  trials,  5. 
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Junctional  test  of  Valvoline  Machine  Oil,  May  5,  1880.  Rev. 
per  minute,  526.30.  Pressure  per  sq.  inch  5  lbs.  Velocity  of 
rubbing  surfaces  per  minute  592.18  feet.  No.  of  sample,  15. 
No.  of  trials,  6. 
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Frictional  Test  of  Olney  Bros.  A  Spindle  Oil,  May  8—10,  1880. 
Rev.  per  minute  512.27.  .Pressure  per  sq.  inch  5  lbs.  Velocity 
of  rubbing  surfaces  per  minute  576.30  feet.  No  of  sample,  16. 
No.  of  trials,  7. 
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Fractional  test  of  Aiken  <&  Swift  Unbleached  Winter  Sperm  Oil, 
May  .12 — 13,  1880.  Rev.  per  min.  495.54.  Pressure  per  sq. 
inch  5  lbs.  Velocity  of  rubbing  surfaces  per  minute  557.48 
feet.     No.  of  sample,  17.     No.  of  trials,  5. 
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Junctional  test  of  Aiken  &  Swift  Bleached  Winter  Sperm  Oil,  May 
14,  1880.  Rev.  per  minute  490.87.  Pressure  per  sq.  inch  5  lbs. 
Velocity  of  rubbing  surfaces  per  minute  501.23  feet.  No.  of 
sample,  18.     No.  of  trials,  4. 
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Frictional  test  of  Downer  Heavy  Spindle  Oil,  April  15,  1880. 
Jtev.  per  min.  458.02.  .Pressure  pier  sq.  inch  5  lbs.  Velocity  of 
rubbing  surfaces  per  minute  515.2?  feet.  No.  of  sample,  19. 
No.  of  trials,  5. 


Frictional  test  of  Downer  Light  Spindle  Oil,  May  17 — 18,  1880. 
Rev.  per  minute  489.63.  Pressure  per  sq.  inch  5  lbs.  Velocity 
of  rubbing  surfaces  per  minute  550.83  feet.  No.  of  sample, 
20.     No.  of  trials,  3. 
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Frictional  test  of  Seal,  May  19 — 21,  1880.  Rev.  per  minute 
467.34.  Pressure  per  sq.  inch  5  lbs.  Velocity  of  rubbing 
surfaces  per  minute  525.76  feet.  No.  of  sample,  21.  No.  of 
trials,  5. 
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Frietional  test  of  Alexander  Boyd  <&  Sons  Neatsfoot  Oil,  May, 
22,  1880.  Rev.  per  minute  526.15.  Pressure  per  sq.  inch 
5  lbs.  Velocity  of  rubbing  surfaces  per  minute  591.92  feet. 
No.  of  sample,  22.     No.  of  trials,  4. 
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Frictional  test  of  Unknown  [Mixed]  Oil,  March  24,  1880.  Rev. 
per  min.  490.46.  Pressure  per  sq.  inch  5  lbs.  Velocity  of 
rubbing  surfaces  per  minute  571.77  feet.  No.  of  sample,  23. 
No.  of  trials,  4. 
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Frictional  test  of  Unknown  [Mixed]  Oil,  May  24 — 25,  1880. 
Rev.  per  minute  471.86.  Pressure  per  sq.  inch  5  lbs.  Velocity 
of  rubbing  surfaces  per  minute  530.84  feet.  No.  of  sample,  24. 
No.  of  trials,  4. 
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Frictional  test  of  Unknown  [Mixed]  Oil,  May  25 — 26,  1880. 
Rev.  per  min.  485.06.  .Pressure  per  sq.  inch  5  lbs.  Velocity 
of  rubbing  surfaces  per  minute  545.89  feet.  No.  of  sample,  25. 
No.  of  trials,  4. 
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Frictional  test  of  Downer  Oil  Co.,  Champion  Oil,  May  27,  1880. 
Rev.  per  min.  508.69.  Rressure  per  sq.  inch  5  lbs.  Velocity 
of  nibbing  surfaces  per  minute  572.27  feet.  No.  of  sample,  28_ 
No.  of  trials,  5. 
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Fluidity  Experiments.      Valvoline  Spindle  Oil.     Leonard  <b  Ellis. 
Sample  2. 
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Fluidity  Experiments.      Lard  Oil.      John.  P.  Squire.      Sample  3. 


Fluidity  Experiments. 
Co.     Sample  8. 
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Fluidity  Experiments. 
Swift.     Sample  9. 


Bleached    Winter  Sperm    Oil.      Aiken   & 


Fluidity  Experiments.      Valvoline  White  Spindle  Oil.    Leonard  <b 
Ellis.     Sample  11. 
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Fluidity  Experiments.      Valvoline    White  Loom  Oil. 
Ellis.     Sample  12. 


Leonard   & 


"2  «> 

■C  a; 

"S  » 

"2 «; 

O 

g 

5  ^ 

3 

3  ft 

3 

3  a. 

3  D. 

3 

H.C. 

o 

~  >. 

2 

o  a. 

0> 

£ 

S  — 

S 

flg- 

a 

o 

73   ft 

§a 

a 

T3  ft, 

§a 

1    a 

"5  a     ' 

E- 

E- 

«  *> 

H 

o  u 

e 

o  o 

wS 

»2 

k2 

.m  2 

150 

6S. 

120 

105. 

90 

190. 

i 

60 

400. 

140 

78. 

110 

127. 

80 

234 

130 

90. 

100 

152. 

70 

302. 

38 


MEASUREMENTS    OF    THE    FKICTIOX    OF    LUBRICATING    OILS. 


Fluidity    Experiments. 
Sample  13. 


German    Spindle     Oil.        Ohiey    Bros. 
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Fluidity    Experiments. 
Sample  14. 


Heavy   Spindle    Oil.      Downer   Oil    Co 
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Fluidity  Experiments. 
Ellis.     Sample  15. 


Valvoline   Machinery  Oil.      Leonard 
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Fluidity  Experiment*.     A  Spindle  Oil.     Olney  Bros.     Sample  16. 
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Fluidity  Experiment*.       Bleached    Winter  Sperm    Oil.      Ai'r 
Sample  18. 
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Fluidity  Experiments.     Seal  Oil.     Sample  21. 
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Fluidity  Experiments. 
Sample  22. 


Alexander  Boyd  tfc  <So»is. 
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Fluidity  E rperiments.    Champion  Oil.  Downer  Oil  Co.   Sample  28. 
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DISCUSSION. 

Mr.  Cotter — I  would  like  to  ask  the  proportion  of  work  lost  by 
friction. 

Mr.  Woodbury — About  twenty-five  per  cent,  of  the  power  was 
used  in  manipulating  the  fibre  of  the  cotton,  the  other  seventy-five 
per  cent,  was  used  up  in  friction. 

Mr.  Porter — I  would  like  to  inquire  by  what  means  the  amount 
of  power  employed  in  manipulating  the  fibers  of  the  material  is 
ascertained  and  distinguished  from  the  power  absorbed  in  the 
various  frictions. 

Mr.  Woodbury — That  was  not  ascertained  by  me  personally  but  by 
a  member  of  this  Society,  in  whose  work  I  have  considerable  confi- 
dence, in  a  mill.  He  took  diagrams  from  the  engine  and  then  they 
went  to  the  mule-room  and  broke  off  all  the  roving,  noting  the  difference 
of  power,  and  then  they  turned  off  the  whole  power  of  the  mule-room, 
and  in  that  way  went  through  the  establishment  stopping  the  opera- 
tions. There  is  a  second  differential  which  I  considered  at  the  time, 
but  knew  no  means  of  eliminating  it — -that  the  friction  of  the 
machine  must  be  slightly  greater  when  doing  the  work  than  when 
running  empty. 

Mr.  Worthington — I  think  it  is  a  matter  of  congratulation  that  so 
careful  and  capable  an  experimenter  has  taken  up  this  subject  to 
lubricating  oil.  I  do  not  know  anything  in  which  we  are  so  much  at 
sea  as  in  that,  opinions  differing  almost  as  to  the  utility  of  oil  at  al 
in  a  steam  cylinder,  and  I  am  glad  to  learn  that  he  proposes  to  in- 
vestigate cylinder  oils. 

Mr.  Sterling — It  is  an  important  point  brought  out  that  the  true 
test  of  the  efficiency  of  oil  is  the  dollar. 

Prof.  Thurston — Mr.  Woodbury  in  his  paper  made  some  reference 
to  the  fact  that  the  coefficients  of  friction,  as  ordinarily  stated,  are  not 
found  to  be  strictly  correct ;  in  other  words  that  there  are  no  such 
losses  in  ordinary  practice.  Then  he  has  shown  you  here  how  seri- 
ously the  temperature  of  the  lubricant  affects  the  co-efficient  of  fric- 
tion. You  will  notice  that  the  work  done  is  all  at  extremely  light 
pressures.  It  is  simply  due  to  the  pull  of  the  band,  and  the  resultant 
of  that  and  the  resistance  of  the  work  of  the  spindle.  It  is  exceedingly 
light,  and  it  is  for  that  reason  that  we  get  what  appeared  to  be  ex- 
tremely high  co-efficients  of  friction.  In  the  table  exhibited  you 
will  see  that  the  co-efficients  run  from  seven  and  a  half  per  cent,  up 
to  about  twenty  per  cent.,  the  highest  figure  being  lard  oil,  and  a 
special  grade  of  machinery  oil,  which  are  each  about  twenty-two  per 
cent.  Now,  a  fact  which  was  not  brought  out  so  strongly  by  the 
paper  as  it  might  have  been  is,  that  this  co-efficient  is  also  affected 
very  largely  by  the  pressure  per  square  inch  put  upon  the  journal, 
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and  what  I  intended  specially  to  remark  upon  was  the  fact  that  these 
co-efficients  do  not  represent  the  values  of  the  co-  efficients  obtained  in 
ordinary  engine  work,  but  are  the  co-efficients  obtained  in  extremely 
light  work,  as  in  the  spinning  frames  of  cotton  mills.  If  we  use 
the  same  lubricarting  material,  and  the  same  surface  pressure  rising 
above  that  to  fifty  pounds,  we  will  find  the  co-efficients  come  down 
in  value  to  a  fraction  of  the  figures  given  on  the  scale.  Carrying 
the  pressure  up  to  a  very  common  figure,  such  as  we  might  get 
with  any  machine  work,  of  one  hundred  or  two  hundred  pounds,  we 
will  find  that  the  co-efficient  is  reduced.  I  have  had  occasion  to 
make  tests  of  various  kinds  of  oil  between  various  sorts  of  surfaces, 
and,  under  varying  pressures  and  temperatures,  up  to  pressures  of 
fifteen  hundred  pounds  to  the  square  inch,  and  for  a  very  short 
period  of  time  two  thousand  pounds  to  the  square  inch,  and  at 
temperatures  which  ran  from  the  ordinary  atmospheric  temperature 
to  above  the  boiling  point  of  water,  and  I  find  that  upon  the  crank- 
pins  of  steam  engines,  such  as  are  sometimes  used  on  the  North 
River  boats,  carrying  the  pressure  of  a  thousand  pounds  to  the 
square  inch,  instead  of  a  co-efficient  of  friction  of  five  per  cent.,  we 
get  one-tenth  of  five  per  cent. — one-half  of  one  per  cent,  for  the 
co-efficient  of  friction — so  that  the  field  explored  by  Mr.  Woodbury 
is  limited  to  these  extremely  low  temperatures.  They  do  not  repre- 
sent the  results  as  ordinarily  obtained,  or  exceptional  results 
obtained  by  putting  on  tremendously  high  pressures,  so  that  if  we 
take  the  very  best  of  lubricating  materials — sperm  oil,  is  the  best  I 
have  ever  found  for  heavy  pressures — and  put  a  pressure  upon  it  of 
a  thousand  pounds  to  the  square  inch,  then,  instead  of  the  text-book, 
co-efficients  of  friction,  all  the  way  from  four  to  seven  per  cent.,  we 
get  figures  that  run  to  one-tenth  of  tbat  amount.  I  have  obtained 
co-efficients  of  friction  with  sperni  oil  as  low  as  one-fourth  of  one 
per  cent. 

The  pressure,  therefore,  at  which  you  are  working  is  one  of  the 
very  important  elements  in  determining  what  is  to  be  the  co-efficient 
of  friction  to  be  assumed  in  design. 

Now,  I  spoke  of  this  partly  as  a  commentary  on  this  paper,  and 
partly  as  a  commentary  on  that  of  Mr.  Hoadley.  Mr.  Hoadley 
shows  us  that  we  may  divide  the  circumference  described  by  the 
crank  pin  by  horizontal  and  vertical  lines,  and  he  calls  the  upper  and 
lower  of  the  two  sections  of  his  circumference,  the  work-doing 
parts  of  the  traverse  of  the  crank  pin,  and  the  end  sections  he  calls 
the  work-using  sections. 

Now  he  shows  us  what  is  the  effect  of  friction  in  reducing  the . 
efficiency  of  engines,  where  we  put  full  pressure  on  the  crank  pin 
at  either  end  of  the  stroke  ;  but  it  must  be  observed,  as  a  commen- 
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tary  upon  that  statement,  that  these  figures  are  very  much  smaller 
than  we  have  been  accustomed  to  assume.  The  friction  of  the 
crank  pin  in  a  well-made  engine,  with  a  good  bronze  box,  running  on 
good  steel  journals,  ought  to  come  down  to  a  fraction  of  one  per 
cent.  That  being  the  case,  we  get  the  result  that  Mr.  Port  r  indica- 
ted, that  the  loss  of  power  at  the  two  ends  of  the  stroke  becomes 
insignificant,  more  insignificant  than  I  presume  he  had  supposed. 

A  remark  was  also  made  by  another  member  of  the  Society,  upon 
our  determinations  of  the  value  of  lubricating  oils  for  steam  cylin- 
ders. In  a  long  series  of  experiments,  which  I  have  had  occasion 
to  make  on  lubricating  oils  to  be  used  in  steam  cylinders,  I  have 
taken  oils  furnished  in  the  market  for  that  purpose,  and  tested  them 
at  the  temperature  of  the  steam  cylinder,  bringing  them  up  to  a 
temperature  of  250°  or  300°,  and  some  cases  350°,  and  I  found  that 
the  value  of  the  oil  for  lubricating  purposes,  within  the  steam  cylin- 
ders, is  by  no  means  the  same  as  its  value  for  lubricating  on  the 
crank  pin,  and  other  external  parts  not  subjected  to  high  tempera- 
tures, and  that  the  oil  giving  the  best  results  on  the  crank  pin  may 
give  poor  results  in  the  cylinder. 

In  several  cases  I  have  found  that  oils  that  were  among  the  best 
for  ordinary  use,  were  among  the  poorest  for  cylinder  work  ;  while 
other  oils  that  were  not  nearly  so  good  for  external  use,  were  among 
the  very  best  for  use  within  the  steam  cylinder.  So  no  one  can  tell 
what  is  the  value  of  an  oil  for  the  purpose  to  which  he  applies  it, 
until  he  subjects  it  to  a  test  under  precisely  those  conditions. 

Mr.  Woodbury  presented  us  with  the  results  of  work  done 
under  the  precise  conditions  of  actual  use.  He  runs  the  spindles  at 
the  ordinary  speed,  and  runs  them  as  in  ordinary  spinning  frames, 
and  then  measures  the  friction,  and  the  data  he  gives  are  of  course 
absolutely  reliable  as  determining  the  results  to  be  met  with 
under  that  set  of  conditions.  That  is  one  reason  why  we  may  rely 
so  absolutely,  I  presume,  upon  his  results.  He  has  determined  un- 
der these  conditions  what  is  the  comparative  value  of  a  large  number 
of  oils  ;  but  I  wish  to  renew  his  caution  that  we  are  not  to  take  these 
results,  which  represent  the  relative  value  of  oils  for  spindles,  as 
representing  the  relative  value  of  those  oils  for  crank  pins,  or  the  lu- 
brication of  steam  cylinders.  Another  remark  was  made  in  the  paper, 
apparently  incidentally,  that  a  man  may  save  a  considerable  amount 
of  money  in  the  purchase  of  his  oils,  while  losing  at  the  same  time  a 
vastly  greater  amount  in  paying  his  coal  bills,  and  that  leads  to  the 
question  how  are  we  to  determine  the  money  value  of  these  oils  ? 
It  is  evident  that  the  value  to  the  dealer  is  not  at  all  likely  to  be  just 
its  value  to  the  purchaser.  The  money  value  of  the  oil  to  the  con- 
sumer is  something  less  than  the  money  value  of  the  work  that  it  is 
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going  to  save  him  in  friction,  or  the  money  value  of  the  work  that 
it  is  going  to  save  him  in  friction,  added  to  the  money  value  of  the 
work  it  is  going  to  save  him  in  repairs  and  incidental  expenses.  If 
you  will  take  the  trouble  to  determine  the  cost  of  the  power  in  any 
mill  or  machine  shop  in  the  country,  and  then  assume  a  change  in 
the  co-efficient  of  friction  from  an  average  of,  we  will  say,  two  or 
three  per  cent,  to  an  average  of  five  per  cent.,  and  see  what  you 
can  afford  to  pay  for  oil  that  will  avoid  that  increase  of  friction,  you 
will  find,  probably,  in  every  case  in  which  you  make  the  calculation, 
that  you  can  better  afford  to  pay  the  highest  prices  in  the  market 
for  the  best  oils,  than  to  take  as  a  gift  the  oils  which  give  you  the 
highest  co-efficients  of  friction. 

I  took  occasion  some  time  ago  to  work  that  up  in  a  specified  case- 
that  of  Mr.  Sellers'  shop — I  don't  remember  now  what  the  figures 
were,  but  the  result  was  such  as  to  show  that  we  could  better  pay 
a  good  many  times  the  value  of  the  best  sperm  oil  in  the  market  to 
reduce  losses  by  friction  than  to  take  the  cheapest  oils  in  the  market 
with  the  increase  of  those  losses. 

The  difference  between  the  lowest  co-efficients  and  the  highest  co- 
efficients is  about  as  1  to  3£. 

But  when  you  are  calculating  the  cost  of  the  power  required  to 
overcome  this  friction,  you  will  find  that  even  slight  differences  are 
sufficient  to  justify  you  in  making  your  estimate  of  costs  in  taking 
the  very  highest  priced  oil,  even  if  it  gives  you  a  very  little  decrease 
in  the  co-efficient  of  friction. 

Mr.  Stetson — I  come  from  a  town  where  the  oil  business  is  a 
familiar  one,  and  I  have  been  informed  by  some  of  the  oil  mer- 
chants there  of  a  few  of  the  tricks  of  the  trade.  At  one  time  a  price 
was  requested  for  a  certain  grade  of  sperm  oil,  and  a  figure  was  given 
for  that  oil.  Thereupon  a  merchant  told  the  people  that  it  was  im- 
possible to  furnish  sperm  oil  at  that  price — which  might  be  a  dollar. 
For  a  dollar  and  a  quarter  he  would  guarantee  that  they  should  have 
sperm  oil.  He  bought  the  oil  of  a  man  who  had  quoted  it  at  a 
dollar,  and  put  in  some  cheaper  oil  and  sold  it  for  a  dollar  and  a 
quarter.  I  can  remember  at  one  time  a  manufactory  that  used  cheap 
oil  had  to  close  for  three  days,  the  boxes  having  begun  to  catch  fire. 
It  would  be  a  good  thing  if  we  could  get  a  machine  to  test  our  oil  in 
a  scientific  way,  but  I  am  led  to  believe  that  would  be  impossible, 
because  the  conditions  are  so  various  under  which  we  should  try  the 
oil.  I  do  not  know  but  that  it  may  be  the  better  way,  as  was  sug- 
gested this  morning,  to  try  the  bearings  by  the  thermometer,  and 
after  getting  the  brand  of  oil  that  showed  the  best  results,  to  con- 
tinue its  use  for  some  time. 

Mr.   Woodbury — Having  obtained  the  cost  of  lubrication  in  one 
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establishment,  there  is  a  difficulty  in  estimating  its  relative  economy, 
because  there  is  a  lack  of  similar  data  firm  other  establishments, 
and  there  is  an  infinite  variety  of  causes 'which  render  comparison 
out  of  the  question.  I  know  of  but  one  reliable  source  of  compari- 
son of  the  cost  of  lubrication,  and  that  is  the  tables  compiled  by  Mr. 
Edward  Atkinson,  President  of  the  Boston  Manufacturers  Insurance 
Company.  In  August,  1878,  he  obtained  from  mills  representing 
over  four  million  spindles  in  the  manufacture  of  plain  cotton  goods, 
detailed  statements  giving  the  amount  and  kind  of  cloth  produced, 
and  the  quantity  and  cost  of  the  lubricant  used  during  periods  of  six 
or  twelve  months.  I  will  refer  only  to  the  mills  making  cloth  from 
number  33  yarn,  mostly  print  cloths — all  consuming  the  same  grades 
of  cotton,  and  producing  goods  whose  prices  are  governed  by  the 
rates  established  in  open  market.  The  management  of  the  enter- 
prises is  usually  corporate,  the  capital  large,  the  profits  small  and 
competition  keen.  I  do  not  know  of  any  set  of  industries  in  this 
country  where  the  cost  of  lubrication  ought  to  be  so  nearly  uniform. 
In  fifty-six  of  these  competing  mills  the  quantity  of  oil  per  thousand 
pounds  of  cloth  varied  from  1  03'to  2.88  gallons,  and  the  cost  of  oil 
for  the  same  production  of  cloth,  varying  from  68  cents  to  §2.58,  a 
variable  cost  of  379  per  cent,  for  lubricating  the  machinery  to  per- 
form the  same  work.  These  facts  were  collected  before  the  exami- 
nation of  oils  was  begun.  In  August,  1880,  Mr.  Atkinson  made  a 
similar  computation  of  the  cost  of  lubrication  in  the  mills  insured  in 
the  company  of  which  he  is  the  president,  and  a  comparison  with  the 
tables  of  two  years  ago  showed  that  the  cost  of  lubrication  per  thousand 
pounds  of  cloth  had  decreased  33  per  cent.,  or  $180,000  per  annum  in 
the  aggregate.  The  figures  in  detail  were  submitted  to  some  extens- 
ive dealers  in  oils,  and  two-fifths  of  this  sum  was  estimated  to  be  a 
liberal  allowance  for  the  reduction  in  cost  due  to  fall  in  prices  of  oil. 
The  remaining  $100,000  seems  to  be  an  example  of  the  commercial 
value  of  scientific  work.  If  any  member  wishes  tables  giving  de- 
tails of  the  statistics  referred  to,  or  the  results  of  Prof.  Ordway's 
chemical  investigations,  I  will  send  them  on  receipt  of  a  request  to 
do  so. 
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This  association  can  vindicate  its  right  to  exist  only  by  exerting 
a  constant  beneficial  influence  upon  engineering  practice  in  all  its 
departments.  At  the  outset  of  its  career,  it  should  take  a  progres- 
sive attitude,  planting  itself  upon  sound  principles  of  construction, 
aiming  to  inspire  the  engineers  of  our  country  with  the  highest  con- 
ceptions of  mechanical  truth,  and  to  diffuse  a  correct  understanding 
of  the  means  and  methods  by  which  this  is  to  be  attained. 

As  one  subject  of  primary  importance,  I  wish  to  present  that  of 
strength  in  machine  tools.  Truth  of  construction,  facility  of  opera- 
tion, and  range  of  application  are  all,  in  one  sense,  subordinate  to 
this  fundamental  quality  of  strength;  for  they  are  in  a  greater  or 
less  degree  impaired,  where  adequate  strength  is  not  provided. 

But  what  is  adequate  strength?  On  this  point  there  exists  among 
the  makers  and  users  of  tools  a  wide  diversity  of  opinion.  And  on 
examination  it  will  be  found  that  this  diversity  coincides  with  the 
diversity  in  mechanical  sensibility.  As  the  mechanical  sense  is  de- 
veloped, there  arises  in  just  the  same  degree  the  demand  for  greater 
strength  in  machine  tools. 

To  the  mechanic  who  has  never  formed  a  notion  of  a  division  of 
an  inch  more  exact  than  "a  bare  thirty-second,"  one  tool,  if  it  can 
in  any  way  lie  kept  from  chattering,  is  as  good  as  another — and  bet- 
ter if  it  is  cheaper. 

To  those,  on  the  other  hand,  who  demand  in  every  piece,  as  it 
comes  from  the  tool,  the  closest  approach  to  perfection,  both  in  form 
and  finish,  a  degree  of  strength  in  the  tool  appears,  and  is  demon- 
strated, to  be  indispensable,  that  to  the  former  class  seems  as  absurd 
as  the  results  attained  by  means  of  it  appear  incredible. 
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In  this  country,  as  indeed  all  over  the  world,  the  standard  of  me- 
chanical truth  has  been  very  low.  It  is  here,  however,  as  every- 
where, rapidly  rising.  The  multitude  are  being  educated  up  to  the 
standard  of  the  few.  In  this  work  members  of  this  association  have 
borne  and  now  bear  an  honorable  part.  Just  in  the  degree  that  the 
standard  of  mechanical  excellence  is  raised,  must  the  demand  become 
more  general  for  greater  strength  in  machine  tools,  as  indispensable 
to  its  attainment. 

But  what  is  the  standard  of  strength?  The  anvil  affords  perhaps 
its  best  illustration.  It  has  a  strength  enormously  beyond  that  which 
prevents  a  tendency  to  chatter,  a  strength  that  under  even  the  heaviest 
labor,  prevents  the  least  vibration  of  any  part  of  the  tool,  or  any  indica- 
tion of  effort,  more  than  if  the  object  being  cut  were  a  mass  of  butter. 

It  will  be  seen,  that  this  absolute  solidity  in  machine  tools,  while 
truth  cannot  be  attained  without  it,  enables  also  mechanical  opera- 
tions generally  to  lie  performed  Avith  far  greater  expedition,  and  the 
subsequent  work  of  the  finisher  to  be  in  any  case  much  diminished, 
and  often  dispensed  with  entirely. 

We  are  enabled,  in  most  cases,  to  come  at  once  to  the  form  desired, 
whatever  may  be  the  quantity  of  material  to  be  removed,  and  always 
to  finish  the  surface  with  a  degree  of  truth  and  polish  otherwise  unat- 
tainable, dispensing,  in  a  great  measure,  with  the  use  of  that  abom- 
ination, the  file. 

Now,  with  this  standard  in  our  minds,  we  look  over  the  face  of  the 
land,  and  behold  it  covered  with  rubbish. 

It  is  curious  to  observe  how  ingenious  tool  makers  have  generally 
been  in  trying  to  avoid  this  quality  of  strength,  and  how  deceptive 
an  appearance  in  this  respect  many  tools  present. 

It  is  interesting  also  to  note  how  little  this  quality  of  solidity  adds 
to  the  cost  of  castings.  The  addition  is  merely  so  much  more  pig 
iron,  and  really  not  that,  because  in  the  stove-plate  style  the  forms 
are  more  complicated,  the  patterns  more  expensive  and  frail,  and 
the  cost  of  moulding  is  greater.  But  what  signifies  even  a  consider- 
able increase  in  the  first  cost  of  a  tool,  that  in  daily  use  is  to  perform 
the  work  of  many,  and  is  to  place  its  possessor  on  a  mechanical 
eminence? 

It  is  not  the  purpose  of  this  paper  to  enter  into  details,  interest- 
ing and  important  as  these  are,  but  to  draw  attention  to  the  subject 
in  a  general  way.  The  improvement  observed  quite  recently  in  this 
respect,  as  well  as  in  other  points  of  tool  construction,  is  highly  grati- 
fying,  and  encourages  the  expectation  of  still  further  and  more  general 
progress. 


STRENGTH    IN'    MACHINE    TOOLS  3 

DISCUSSION. 

Mr.  Emery — I  have  been  investigating  that  matter  myself,  a  lit- 
tle, lately,  and  I  think  there  is  one  point  to  which  attention  ought 
to  be  called.  In  a  lathe  the  size  of  the  spindle  makes  the  greatest 
difference  as  to  the  work  that  can  be  done  with  it.  As  is  well  known, 
the  resistance  of  the  shaft  is  one  of  the  weakest  points.  You  have 
to  turn  it  through  quite  an  angle  before  it  begins  to  give  its  maxi- 
mum resistance,  and  so  the  proper  material  for  a  lathe  spindle  seems 
to  be  one  that  is  very  stiff,  something  like  a  pretty  hard  stt  el.  When 
this  is  used,  and  you  hang  anything  on  the  face  plate  for  the  purpose 
of  boring  it,  you  find  a  very  great  difference. 

Mr.  Sellers — The  experiments  that  have  been  tried  in  our  own 
establishment  have  determined  us  to  abandon  entirely  collars  on  the 
front  bearing  of  the  lathe,  and  to  make  the  lathe  spindle  as  large  as 
the  outside  of  the  collars  usually  is.  In  other  words,  when  a  spindle 
for  a  48"  lathe  has  collars  5"  in  diameter,  our  preference  would  be 
to  make  the  spindle  itself  5"  in  diameter,  and  at  the  back  end  of 
the  spindle  put  the  device  for  holding  the  end  motion  off.  The  result 
from  our  experience  has  been  that  we  are  enabled  on  a  48"  lathe, 
carrying  seven  tons  between  centers,  to  have  a  power  sufficient  to 
reduce  the  diameter  of  a  shaft  six  inches  at  a  single  cut.  Then  each 
chip  was  three  inches  deep  in  the  shaft,  and  it  could  not  be  done 
unless  there  was  a  stiffness  to  the  spindle  that  is  given  by  this  very 
great  enlargement. 

We  think  it  is  very  necessary  that  the  front  journal  of  the  lathe 
spindle  should  not  only  be  very  large,  but  made  of  material  that  will 
bear  the  necessary  resistance.  It  was  our  hope  that  lathes  might  lie 
constructed  with  hardened  steel  spindles.  In  building  lathes  with 
spindles  5"  in  diameter,  we  got  three  out  of  five;  the  others  were 
broken  in  hardening,  and  we  have  been  obliged  to  abandon  the  hard- 
ening. 
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This  association  can  vindicate  its  right  to  exist  only  by  exerting 
a  constant  beneficial  influence  upon  engineering  practice  in  all  its 
departments.  At  the  outset  of  its  career,  it  should  take  a  progres- 
sive attitude,  planting  itself  upon  sound  principles  of  construction, 
aiming  to  inspire  the  engineers  of  our  country  with  the  highest  con- 
ceptions of  mechanical  truth,  and  to  diffuse  a  correct  understanding 
of  the  means  and  methods  by  which  this  is  to  be  attained. 

As  one  subject  of  primary  importance.  I  wish  to  present  that  of 
strength  in  machine  tools.  Truth  of  construction,  facility  of  opera- 
tion, and  range  of  application  are  all,  in  one  sense,  subordinate  to 
this  fundamental  quality  of  strength;  for  they  are  in  a  greater  or 
less  degree  impaired,  where  adequate  strength  is  not  provided. 

But  what  is  adequate  strength?  On  this  point  there  exists  among 
the  makers  and  users  of  tools  a  wide  diversity  of  opinion.  And  on 
examination  it  will  be  found  that  this  diversity  coincides  with  the 
diversity  in  mechanical  sensibility.  As  the  mechanical  sense  is  de- 
veloped, there  arises  in  just  the  same  degree  the  demand  for  greater 
strength  in  machine  tools. 

To  the  mechanic  who  has  never  formed  a  notion  of  a  division  of 
an  inch  more  exact  than  "a  bare  thirty-second,"  one  tool,  if  it  can 
in  any  way  lie  kepi  from  chattering,  is  as  good  as  another — and  bet- 
ter if  it  is  cheaper. 

To  those,  on  the  other  hand,  who  demand  in  every  piece,  as  it 
comes  from  the  tool,  the  closest  approach  to  perfection,  both  in  form 
and  finish,  a  degree  of  strength  in  the  tool  appears,  and  is  demon- 
strated, to  he  indispensable,  that  to  the  former  class  seems  as  absurd 
as  the  results  attained  by  means  of  it  appear  incredible. 
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its  screw.  Taking  a  one-inch  rod  turned  parallel,  and  lightly 
marked,  with  a  screw-tool  cutting  No.  16  thread,  for  the  distance 
of  a  foot,  and  drawing  a  straight  line  across  the  threads,  and 
testing  them  by  placing  a  scale  along  the  line,  will  show  that 
very  few,  if  any,  of  our  lathes  are  correct.  But  take  the 
best  one  and  make  all  the  thread-tools  on  it.  When  nice  work 
is  required,  cut  the  screws  on  the  same  lathe.  I  have  found  it  is 
best  to  make  lead-screws  for  other  lathes,  that  several  lathes  may 
have  their  lead-screws  to  correspond,  thereby  saving  the  screw  of 
the  tool-lathe  from  unnecessary  wear.  The  fit  between  the  bolt  and 
nut  is  very  generally  due  to  the  threads  crossing  each  other,  rather 
than  to  a  correct  bearing  of  their  surfaces,  and  until  some  other 
method  of  hardening  is  devised  than  the  use  of  fire  and  water,  we 
shall  have  all  the  variations  in  pitch  of  thread  that  can  be  allowed ; 
and  when  to  this  is  added  the  incorrect  lead  of  many  lathe  screws, 
there  is  a  needless  complication. 

As  regards  the  choice  of  standards,  the  number  of  threads  per 
inch  is  the  same  for  the  common  V — provided  there  is  any  standard 
for  this  thread — in  the  Whitworth  and  United  States  standard,  or 
Frankliu  Institute  systems  up  to  one  and  a  half  inch  ;  with  the  ex- 
ception of  the  one-half  inch  which,  in  the  United  States  standard, 
has  thirteen  threads  to  the  inch  in  place  of  twelve  in  the  other  stand- 
ards. As  the  range  from  one-fourth  to  one  and  a  half  inch  covers 
the  majority  of  sizes  used,  it  would  seem  easy  to  compass  the  adop- 
tion of  a  uniform  number  of  threads  per  inch. 

The  Whitworth  system,  which  has  come  into  extensive  use  in  Eng- 
land, has  many  points  recommending  it  to  favor.  The  objections 
are  that  it  necessitates  an  expensive  set  of  forming  tools  or  chasers 
to  give  the  rounding  outline  to  the  thread.  The  angle  of  the  sides 
of  the  thread  of  this  system  is  55c.  The  outline  is  formed  by  di- 
viding the  pitch  into  six  equal  parts,  rounding  the  top  and  bottom 
in  such  a  manner  as  to  leave  four  of  the  six  parts  as  working  sur- 
faces. This  system  has  not  made  much  progress  toward  general 
adoption  in  this  country — the  difficulties  mentioned  are  likely  to 
keep  it  from  common  use. 

What  the  American  system  has  been  it  would  be  hard  to  say. 
The  truth  is  that  the  word  s}rstem  does  not  apply  here.  The 
word  usage  would  take  its  place  and  be  hard  to  define.  The 
angle  of  the  thread  is  usually  60°,  though  this  depends  very  fre- 
quently on  whether  the  grindstone  on  which  the  thread- tool  was 
ground  had  been  turned  off  during  the  month.  The  sizes  are  in- 
finite, and  the  number  of  threads  to  each  size  is  infinite  also.  Some 
manufacturers,  in  their  attempts  to  meet  the  public  wants,  carry  in 
stuck,  of  hand  and  nut  taps,  two  hundred  and  forty-six  distinct  varie- 
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ties  between  one-fourth  and  one  and  a  fourth  inch  diameters.  There 
are,  in  the  thirty-second  sizes,  not  including  larger  machine  screws, 
the  great  varieties  caused  by  the  difference  in  number  of  threads 
used  on  each  size.  The  same  range  is  secured  by  forty-eight  taps 
in  the  United  States  standard  system.  That  this  want  of  system  may 
show  to  some  extent  the  glorious  individuality  of  American  mechanics 
may  be  true.  It  is  evident,  however,  that  it  is  not  a  correct  busi- 
ness principle,  as  we  trust  the  time  has  passed  when  any  mechanical 
constructor  would  hope  to  hold  his  business  by  a  peculiar  and  personal 
systems  of  threads.  From  this  chaos  what  can  be  done  to  develope 
an  American  system  worthy  the  name?  The  best  and  only  effort,  to 
my  knowledge,  in  this  direction  has  been  made  by  the  Franklin  In- 
stitute, whch,  through  its  committee,  of  whom  Mr.  Wm.  Sellers 
was  chairman,  perfected  a  system  calculated  to  meet  the  require- 
ments of  the  country ;  the  system  being  as  easy  to  construct  as  the 
one  in  general  use,  requiring  but  one  special  tool,  and  this  furnished 
at  a  cost  within  reach  of  all.  I  refer  to  the  Brown  &  Sharpe  United 
States  standard  thread-gauge.  Its  recommendations  are,  viz.  : 
it  is  a  system  perfected  and  reduced  to  figures  which  can  be 
worked  by :  the  number  of  threads  for  each  size  of  screw  is  estab- 
lished :  the  change  of  the  half-inch  size  from  twelve  threads  to  thirteen 
is  the  greatest  variation  from  established  usage  ;  and  it  seems  to  be 
justified,  as  it  more  nearly  conforms  to  the  general  principles  on 
which  the  system  is  constructed.  The  impression  that  the  system 
consists  alone  in  the  number  of  threads  to  the  inch  is  a  mistake. 
Its  strong  point  of  recommendation  is  that  the  flat  top  and  bottom 
gives  to  the  bolt  an  additional  strength  very  desirable  to  attain ;  as 
the  fact  is  established  that  there  is  more  thickness  of  nut  \ised  than 
is  required  to  pull  apart  a  bolt  before  the  thread  strips. 

The  formula  for  producing  the  thread  is  familiar  to  you,  I  pre- 
sume. The  pitch  is  divided  into  eight  equal  parts,  the  top  and  bot- 
tom of  the  threads  being  left  flat,  equal  to  one-eighth  each,  or  leav- 
ing six  of  the  eight  parts  as  the  working  depth  of  the  thread,  and  the 
angle  of  the  thread  is  the  usual  60°. 

The  report  of  Mr.  Sellers  was  presented  in  1864,  or  sixteen  years 
ago,  during  which  time  the  system  has  been  in  use,  and  its  correct- 
ness of  principle  established.  If  we  are  to  have  an  American  system 
of  threads,  it  would  appear  that  this  is  the  most  likely  to  be  adopted, 
as  it  has  gained  a  firm  hold  of  the  public  favor.  This  system  not 
only  extends  to  the  establishing  of  the  forms  and  number  of  threads 
to  each  diameter  of  bolt,  but  gives  the  proper  thickness  and  size  of 
nut:  which  relations,  those  who  desire  to  obtain  the  best  results  will 
do  well  to  observe,  since  thickness  of  nut  is  an  important  factor  in  the 
fit  of  threads,  and  as  drawing  of  the  threads  of  a  tap  by  hardening, 
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and  the  change  which  comes  to  the  threads  of  the  bolt  by  the  dies 
wearing  and  drawing  them,  will  make  the  fit  quite  different  between 
a  thick  and  thin  nut. 

The  question  presents  itself :  how  are  we  to  get  and  keep 
standards  '.  First,  how  get  a  standard  ?  This  is  a  hard  question 
to  answer,  as  a  standard  inch  that  can  be  proved  to  be  standard 
against  some  other  inch  that  varies  from  it,  is  hard  to  find  ;  but  as- 
suming that  diameters  could  be  satisfactorily  arranged,  the  bear- 
ing surfaces  of  a  thread-gauge  are  to  a  plain  cylindrical  gauge  near- 
ly as  two  to  one,  so  that  the  standards  of  screw-gauges  are  difficult 
to  obtain  and  preserve.  I  am  thoroughly  convinced  that  screw 
gauges,  to  be  interchanged,  must  be  manufactured  to  one  common 
standard,  by  which  they  must  be  adjusted.  Some  of  the  manufac- 
turers are  now  having  sets  of  gauges  constructed  on  this  principle, 
and  hope  to  attain  the  best  possible  results,  but  the  expense  of  these 
gauges  will  keep  them  fiom  general  use.  A  set  of  standard  taps 
might  be  furnished  from  them  and  working  gauges  constructed  at  a 
nominal  cost. 

Second,  how  keep  the  standard  after  once  attaining  it  ?  That 
it  will  go  very  much  against  the  grain  of  most  mechanics  to 
throw  away  a  good  working  tap  because  it  is  worn  undersize, 
must  be  admitted.  I  believe,  however,  that  any  shop  pretending  to 
work  to  a  screw-standard  of  any  sort,  should  be  provided  with 
hardened  male  gauges,  and  keep  close  watch  of  the  nuts  and  other 
holes  tapped,  and  let  these  tapped  holes  form  the  gauges,  fitting  the 
bolts  to  them.  I  am  informed  that  this  is  the  practice  of  some  bolt 
manufactories.  I  have  seen  quantities  of  nuts  tapped  and  bolts  cut 
so  uniform  that  they  were  assembled  in  the  shipping-room  forming 
good  fits.  I  believe  that  this  is  practical,  and  gives  a  much  more  de- 
sirable result  than  to  make  bolts  in  lots  of  a  thousand  and  not  ex- 
pect the  different  lots  to  interchange,  as  is  the  practice  in  some  shops. 

Manufacturers  are  making  an  effort  to  furnish  accurate  tools 
in  this  line,  which  will  be  an  important  help  to  the  best  attainable 
results. 

The  adoption  of  the  Franklin  Institute  standard  has  been  re- 
tarded by  the  want  of  proper  tools  in  the  market.  There  has  been 
a  want  of  co-operation  among  the  mechanics,  and  no  central  organ- 
ization, such  as  this  association  is  calculated  to  furnish,  where  not 
only  the  general  and  vital  principles  of  our  profession  may  be 
affirmed,  but  minor  details  of  this  character  may  be  so  generally 
agreed  upon  that  American  machinery,  by  its  uniformity  in  approved 
design  and  construction,  may  be  entitled  to  the  most  favorable  con- 
sideration in  foreign  as  well  as  home  markets,  and  the  field  of  our 
usefulness  and  profits  correspondingly  increased. 
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DISCUSSION. 

Mr.  Sellers — I  should  like  to  express  my  thanks  to  Mr.  Stetson 
for  the  paper  he  has  just  read.  This  question  of  different  diame- 
ters is  one  which  has  been  brought  to  our  notice  a  great  deal. 
There  shoidd  be  uniformity  in  diameter  as  there  should  be 
in  the  number  of  threads.  A  number  of  railroads  that  we  have 
had  communication  with  lately  seemed  quite  alive  to  the  desirability 
of  bringing  about  the  uniformity  that  Mr.  Stetson  refers  to  in  regard 
to  diameter,  particularly  when  they  are  impressed  with  the  fact  that 
rolling-mills  will  give  them  the  size  of  iron  they  want  exactly, 
if  they  only  ask  for  it.  I  think  Mr.  Stetson  will  experience  less 
difficulty  in  having  that  brought  ultimately  into  practice  than  he  an- 
ticipates. The  work  that  is  being  done  by  those  gentlemen  who 
have  gone  into  the  manufacture  of  taps  is  accomplishing  a  great  deal 
of  good  in  this  direction,  and  the  time  is  coming  when  it  will  be  to 
our  advantage  to  purchase  taps  ready  made,  rather  than  attempt 
to  manufacture  them  ourselves  :  we  have  found  it  to  be  in  our  own 
case  decidedly  so. 

Prof.  Sweet — It  seems  to  me  that  if  such  firms  as  the  Pratt  &  Whit- 
ney, and  the  Morse  Twist  Drill  Company — when  we  send  to  them  for 
a  set  of  three-quarter  inch  taps,  instead  of  sending  us  sharp  threads  ; 
knowing  well  that  we  have  always  advocated  the  adoption  of  the 
United  States  standard — would  send  to  us,  and  not  only  to  us,  but 
to  all  who  are  not  particular  as  to  what  they  get.  the  United  States 
standard,  the  matter  might  be  improved.  If  people  do  not  care 
which  they  have,  and  if  these  firms  will  send  them  the  United  States 
standard,  there  will  be  a  number  of  parties  who  will  take  it 
without  any  complaint.  The  other  day  I  sent  an  order  for  Pratt  & 
Whitney  taps.  It  did  not  occur  to  me  to  say  that  the  United  States 
standard  was  wanted,  but  when  they  came  they  were  sharp-thread. 

Mr.  Sterling  — On  the  subject  of  screw-threads,  the  two  names  of 
Whitworth  and  Sellers  are  about  equally  prominent,  and  it  would  be 
difficult  to  choose  between  the  two.  I  notice  one  difference  that  has 
been  brought  before  us  between  these  two  names — as  to  the  form  of 
screw-threads;  and  that  is  the  sharp  corners.  Now,  in  our  experi- 
ence we  all  find  that  a  sharp  corner  in  any  piece  of  machinery  is  a 
very  objectionable  thing.  I  think  I  should  consider  this  point  in 
reference  to  the  screw  threads. 

Mr.  Porter  —  It  was  admitted  to  me  very  distinctly  and  repeatedly 
by  the  superintendent  of  Mr.  Whitworth's  works  in  Manchester,  that 
the  Whitworth  system  was  defective,  and  that  twelve  threads  to  an 
inch  in  a  ^"  screw  was  a  mistake,  that  the  bolt  was  unneces- 
sarily weakened  by  the  coarse  thread,  and  that  thirteen  threads  was 
much  better.    They  do  not  use,  in  England,  the  -fc"  size  at  all ;  they 
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step  at  once  from  §■"  to  £".  We  employed  the  twelve  threads  to  an 
inch  for  the  12B-"  bolt,  and  the  thirteen  for  a  i",  which  is  admitted 
to  be  an  improvement  on  the  English  system.  In  respect  to  the 
angle,  it  has  been  always  a  great  wonder  how  that  angle  of  55° 
ever  came  into  existence.  It  is  an  angle  which  cannot  be  originated 
cannot  be  bisected  and  cannot  be  verified  without  very  great  difficulty 
indeed,  and  it  finally  turned  out  that  it  was  originated  by  Mr.  Whit- 
worth  with,  as  was  intimated  by  Mr.  Stetson,  the  view  of  keeping  the 
business  of  supplying  the  world  in  his  own  hands,  as  far  as  possible, 
by  giving  an  angle  so  difficult  to  be  dealt  with  that  people  would  pre- 
fer to  come  to  him  for  their  screw  gear.  It  was  not  a  great  while 
before  they  themselves  lost  the  angle ;  then  one  side  of  their  thread 
was  formed  on  quite  a  different  angle  from  the  other  side,  and  the 
fact  was  discovered  by  Benjamin  Hick  &  Son,  who  communicated  it 
to  them,  and  they  were  quite  a  year  in  getting  that  angle  correct  in 
their  Works.  Undoubtedly  the  angle  of  60°,  which  anybody  can 
originate,  verify  and  bisect,  is  a  most  admirable  angle. 

Mr.  Forney— 1  should  like  to  call  attention  to  a  practical  diffi- 
culty which  has  grown  up  in  relation  to  this  matter  of  standard 
threads.  If  there  is  any  department  of  mechanical  engineering  in 
which  a  system  of  standard  threads  is  desirable,  it  would  seem  to  be 
in  connection  with  railroads,  and  especially  railroad-cars,  which  are 
now  interchanged  from  one  end  of  our  country  to  the  other.  The 
attention  of  the  Master  Car-builders'  and  the  Master  Mechanics' 
Associations  was  called  to  this  matter  some  years  ago,  and 
they  adopted  a  resolution  making  the  Sellers  system  of  threads 
the  standard  for  railroad-cars  and  for  locomotives.  To  a  very 
considerable  extent  tins  system  has  been  put  into  use  in  the  railroad 
shops  of  the  country.  But  there  has  been  some  difficulty  in  using  it. 
In  one  case  which  came  to  my  notice  a  railroad  comjjany  contracted 
for  a  large  number  of  cars,  and  stipulated  that  the  screws  should  be 
made  on  the  Franklin  Institute  standard.  The  company  itself 
bought  taps  and  dies  from  one  manufacturing  firm.  After  the  cars 
were  delivered  on  the  road,  it  was  found  that  the  nuts  and  bolts 
made  with  the  taps  and  dies  owned  by  the  railroad  company,  would 
not  interchange  with  the  nuts  and  bolts  cut  by  the  companies  that 
built  the  cars.  To  avoid  such  difficulty  some  easy  way  is  needed  of 
determining  whether  taps  all  correspond  exactly  to  the  sizes  which 
they  are  supposed  to  represent.  If  the  tap-and'die  manufacturers 
of  the  country  would  supply  some  such  method  which  would  not 
involve  the  expenditure  of  a  large  sum  of  money  for  gauges,  they 
would  facilitate  the  introduction  of  this  system  all  over  the  country. 
The  difficulty  is  first  in  determining  the  diameter,  and  in  the  next  place 
the  angle  of  the  thread,  and  in  the  third  place  the  pitch,  all  of  which 
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require  accurate  instruments  to  measure.  I  shall  be  glad  to  hear 
from  Mr.  Stetson,  or  any  other  gentleman  engaged  in  the  manufac- 
ture of  taps,  about  the  matter. 

Mr.  Stetson  —  In  the  first  place,  in  regard  to  Prof.  Sweet's  criti- 
cism, I  would  say  that  he  acts  on  the  principle,  in  regard  to  taps  and 
dies,  that  other  people  know  as  much  as  he  does.  Perhaps  eighty  per 
cent,  of  the  taps  and  dies  that  we  sell  are  sharp-threaded ,  and  if  we 
should  fill  an  order  with  the  flat  type  top  and  bottom,  we  should  get 
an  immense  number  of  letters  requesting  us  to  send  proper  tools  when 
they  were  ordered,  and  not  those  flat  top  and  bottom  things.  The 
ignorance  of  the  people  in  regard  to  this  is  extraordinary.  Some  peo- 
ple change  the  twelve  to  thirteen,  and  think  they  have  grasped  the 
whole  United  States  system.  As  regards  the  difference  in  gauges, 
one  of  the  manufacturers  had  a  system  which  he  thought  was 
correct  because  they  had  been  used  by  the  Government  for  some 
time,  and  another  manufacturer  went  to  work  and  made  his  own,  and 
they  have  just  confirmed  the  opinion  that  this  cannot  be  done.  Our 
gauges  are  only  measured  in  thousandths.  It  is  pretty  fine  business 
to  make  this  entirely  practical  and  intelligible  ■  but  as  a  good  many 
depend  for  their  fits  upon  the  fish  oil  being  a  little  gummy,  we  can 
work  up  to  that  standard  quite  easily. 

Mr.  Porter — I  wish  to  say  that  English  cylindrical  gauges  accu- 
rate to  the  ten -thousandth  of  an  inch  can  be  obtained  by  anybody  at 
any  time.  Then  comes  in  this  problem  of  maintaining  a  permanent 
size  through  a  long  period  of  time.  The  only  possible  method  by 
which  it  can  be  done,  is  to  have  original  gauges  which  are  never  used 
except  to  verify  standards.  The  gauges  used  in  the  work  are  cor- 
rected by  the  standards,  and  the  standards  are  tested  from  time  to 
time  by  the  originals,  and  the  originals  never  used  at  all,  and  in  that 
way  only  can  permanent  sizes  be  maintained  for  a  long  period  of  time. 

Prof.  Egleston — A  great  deal  of  this  trouble  is  in  the  lead-screw 
of  the  lathe.  Mr.  Darling  sent  me  a  patent  for  correcting  the  lead- 
screw  of  a  lathe.  I  should  like  to  know  if  any  member  is  familiar 
with  the  practical  application  of  this  invention  ? 

Mr.  Sellers — I  do  not  think  that  I  exactly  understand  what  Prof. 
Egleston  means. 

Prof.  Egleston — Mr.  Darling  told  me  it  was  simply  an  adjustment 
which  he  put  upon  the  lead-screw  of  any  lathe.  It  seemed  to  me 
like  a  very  desirable  thing,  if  it  were  possible,  and  the  reason  I  speak 
of  it  here  is,  that  I  have  had  a  great  deal  of  trouble  with  this 
question  of  lead-screws  myself,  and  if  this  correction  is  possible, 
and  if  there  are  any  manufacturers  here  who  have  been  able  to  use 
this  patent,  it  would  be  an  important  thing  to  have  the  rest  of  the 
members  know  of  it. 
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Mr.  Stetson — For  ourselves  we  have  been  to  considerable  expense 
to  get  a  perfect  thread  to  start  with.  The  only  thing  in  this  line 
that  I  have  seen  was  in  one  of  the  technical  papers,  and  it  was  some- 
thing on  this  principle :  that  the  error  in  the  thread  was  found,  and 
then  a  system  of  calculations  made :  something  that  would,  first,  gear 
up  the  lathe  for  cutting  a  screw  and  the  gearing  then  applied  to  over- 
come the  error  of  the  thread,  so  that  it  produced  a  perfect  thread. 

Prof.  JSi/leston — That  is  not  it. 

Mr.  Sellers — The  best  threads  in  the  country  are  only  an  approxi- 
mation to  correctness.  1  know  of  no  true  thread.  The  thread  we 
use  was  copied  from  one  purchased  from  Mr.  Whitworth  some  years 
ago.  The  pitches  are  not  even  for  the  whole  length  of  it.  A  screw 
to  be  cut  absolutely  correct  would  have  to  be  cut  under  water  or 
in  some  way  that  temperature  may  not  vary;  but  the  best  way,  per- 
haps, to  correct  a  thread  is,  that  of  causing  the  nut  to  vibrate  back 
and  forth,  about  the  axis  of  the  screw,  following  a  curved  line  of 
a  former-bar  which  corrects  it.  That  is,  you  cause  a  division  to  an 
extent  that  is  necessary  to  overcome  the  error  that  is  found  to  exist 
in  the  thread  itself,  and  by  that  means  it  is  possible,  in  a  measure, 
to  correct  the  thread.  Some  l£ad-screws  have  been  cut  very  care- 
lessly indeed,  while  others  are  near  enough  right  to  answer  all 
practical  purposes.  I  think  it  is  safe  to  say  that  the  lead-screws  of 
most  of  the  first-class  makers  of  lathes  will  compare  very  favorably 
with  one  another,  and  that  screws  cut  in  them  will  be  sufficiently 
accurate  for  all  practical  purposes. 

Mr.  Weight/man — In  manufacturing  dies,  we  have  first  to  fall 
back  on  the  gauges.  When  we  have  "tested  the  accuracy  of  the 
gauges,  and  compare  the  bolts,  they  too  disagree.  Let  two  manu- 
facturers, making  bolts,  start  with  the  same  gauges,  and  we  shall  find 
at  the  end  of  six  months  that  the  bolts  produced  are  of  different 
gauge. 
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AN  ADAPTATION  OF  BESSEMER  PLANT  TO   THE 
BASIC  PROCESS. 

Read  at  the  Annual  Meeting,  1880. 

BY    A.  L.    HOLLEY,  JIEMB.   INST.   C.   E.,  ETC. 

The  maintenance  of  refractory  linings  in  Bessemer  converters,  in 
such  a  way  as  to  promote  regular  and  maximum  production,  has 
been  the  subject  of  more  experimenting  than  any  other  feature  of 
the  Bessemer  system,  and  it  is  still  the  least  perfect  and  satisfactory 
feature,  excepting  perhaps  the  casting  of  steel.  Linings  are  not  only 
eroded  by  the  mechanical  action  of  the  charge,  but  they  are  chemi- 
cally decomposed  by  its  various  slags.  The  silica  linings  usually 
employed  have,  indeed,  been  so  improved  that  an  average  of,  say,  sixty 
charges  per  twenty  four  hours  can  be  got  out  of  a  pair  of  converters, 
and  the  shifting  of  interchangeable  converter  bottoms  (containing  the 
tuyeres)  is  so  rapid  that  it  does  not  delay  production ;  but  the  repairing 
of  the  fixed  lining  just  above  the  tuyeres,  where  both  mechanical  and 
chemical  action  are  most  severe,  is  frequently  the  cause  of  delay,  and 
the  operation  rapidly  performed  between  heats  is  tedious  and  costly. 
The  accumulations  of  slag  on  other  parts  of  the  lining  must  also  be 
quarried  out,  else  the  converter  will  become  too  small  for  the  charge. 
These  are  the  conditions  of  maintaining  silica  linings  ;  but  the 
difficulties  are  increased,  probably  about  threefold,  when  the  linings 
are  made  of  lime,  for  the  basic  process.  The  basic  process  consists 
in  removing  phosphorus  from  the  iron  under  treatment,  by  retaining 
the  phosphorus  oxidized  by  the  blast,  in  a  basic  slag  formed  of,  say, 
twenty  per  cent,  of  lime  added  to  the  charge.  An  acid  (silica)  lining 
would  vitiate  the  basic  slag,  and  would  also  be  rapidly  destroyed  by 
it.  Lime  containing  some  magnesia,  and  produced  by  burning  mag- 
nesian  limestone  (dolomite),  is  at  present  the  only  basic  material 
successfully  used  for  converter  linings.  It  is  usually  made  into 
bricks,  which  are  hard  burned  and  built  up  with  mortar  of  similar 
material  to  form  the  lining. 

'  Basic  bottoms  and  tuyeres  stand  ten  to  fifteen  charges,  nearly  equal- 
ing acid  bottoms,  and  they  may  be  readily  changed ;  but  basic  lin- 
ings, near  the  tuyeres,  and  also  in  other  parts  where  abrasion  is  se- 
vere, wear  rapidly  and  must  be  frequently  repaired  by  cooling  the 
converter  and  inserting  new  bricks,  or  patching  in  some  suitable  man- 
ner. The  converter  is  thus  put  out  of  use  for  at  least  twenty-four  hours 
— a  very  serious  delay  to  production.     From  a  wide  observation,  the 
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author  feels  safe  in  saying  that  a  basic  lining  is  rarely  run  above  sixty 
charges  without  extensive  repairs,  and  in  some  works  repairs  are 
made  every  time  a  bottom  is  set.  With  some  irons  there  is  also  an 
accumulation  of  slag  around  the  mouth  of  the  converter  ;  its  re- 
moval sometimes  also  causes  further  delay. 

The  output  of  a  pair  of  converters  in  Europe  averages  about  half 
that  of  a  pair  of  converters  of  the  same  size  in  the  United  States, 
and  is  often  less  than  half.  The  limited  endurance  of  basic  linings 
in  Europe  is,  therefore,  a  less  conspicuous  defect  than  it  is  here, 
where  one  converter  must  make  twenty-five  or  thirty  charges  in 
twenty-four  hours,  so  that  the  repairs  of  basic  linings,  as  at  present 
conducted,  would  keep  an  American  plant  idle  half  the  time.  This 
delay  is  really  as  important  in  Europe  as  it  is  here;  the  greater  the 
output  from  a  given  plant,  the  cheaper  the  product.* 

In  order,  therefore,  that  the  basic  process  may  come  into  extens- 
ive use,  basic  linings  must  be  so  maintained  that  their  output  will 
nearly  equal  that  of  acid  linings. 

There  are  two  reasonable  conditions  of  improvement:  the  one  is 
to  prolong  the  endurance  of  basic  materials,  so  that  their  repairs  can 
be  made  with  little  delay,  while  the  converter  is  in  position  for  use. 
There  seems  to  be  little  or  no  progress,  or  probability  of  immediate 
progress,  in  this  direction.  The  other  is  the  rapid  and  complete  re- 
moval of  a  worn  lining  and  the  replacement  of  a  repaired  one.  A 
third  system,  seriously  proposed,  is  to  double  or  treble  the  entire 
converting  plant.  The  only  practicable  way  to  replace  a  refractory 
lining  (which  cannot  be  handled  by  itself),  is  to  replace  the  vessel 
which  contains  it.  The  worn  portions  of  the  lining  may  thus  be  re- 
paired at  leisure,  in  another  part  of  the  works,  rather  than  in  posi- 
tion for  use,  where  repairs  would  retard  output. 

An  obvious  way  to  replace  an  entire  converter  lining  is  to  replace 
the  entire  converter.  This  system  is  already  under  construction  in 
Europe.  The  method  is  also  obvious — lifting  the  converter  bodily 
out  of  its  pillow  blocks,  and  conveying  it  to  the  repair  shed  by  means 
of  an  overhead  traveler ;  then  setting  a  repaired  converter  in  j:>lace 
by  the  same  means.  Such  a  plant  is  doubtless  cheaper  than  a  dupli- 
cate plant,  and  its  output  should  be  materially  greater  than  that  of 
fixed  converters.  But  the  operation  of  changing  an  entire  converter 
must  be  slow  and  tedious.  When  the  arrangement  is  such  that  pillow 
block  caps  are  required,  these  must  be  loosened  by  unscrewing  heavy 
nuts  ;  then  tbey  must  be  made  fast  to  the  crane  chain,  lifted,  traversed 

*  The  statement,  sometimes  made  in  England,  that  the  rapid  production  in  America  im- 
pairs quality  of  product  is  but  a  cover  for  inadequate  plant.  Steel  is  obviously  no  better 
because  five  hours  instead  of  one  are  consumed  in  setting  a  vessel  bottom,  or  because  it 
may  take  twice  as  long  in  an  English  works  to  handle  materials  and  product. 
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and  set  down.  The  blast  pipe  connection  must  be  broken,  and  pos- 
sibly some  platforms  must  be  removed.  Then  the  traveler  is  placed 
exactly  centrally  over  the  converter,  ponderous  chains  are  made  fast. 
the  mass  is  raised  high  enough  to  clear  surrounding  parts,  and  drawn 
laterally  to  the  repair  shed ;  then  the  converter  is  placed  centrally 
over  its  seat  and  lowered  and  steadied  (as  it  swings  from  a  chain ) 
into  its  pillow  blocks.  The  repaired  converter  is  raised,  traversed 
and  set  in  place  by  repeating  all  these  operations  ;  the  blast  connec- 
tion is  then  made,  and  the  pillow  block  caps  are  lifted,  traversed, 
steadied  into  place  and  screwed  down.  If  the  converter  is  removed 
in  sections,  transferring  each  section  and  making  the  refractory  joints 
will  occupy  much  more  time.  The  chimneys  and  the  openings  in  the 
side  of  the  building  must  be  high  enough  to  make  passage  not  only 
for  the  traveler  but  for  the  converter  when  lifted  out  of  its  seat,  and 
for  the  chains  that  sustain  it.  A  traveler  of  the  recjuired  power, 
height  and  length,  is  obviously  a  ponderous  and  costly  structure,  and 
to  work  with  reasonable  speed  it  must  have  independent  steam  power 
— the  hydraulic  system  of  the  works  cannot  well  reach  it. 

The  method  of  replacing  the  lining  proposed  by  the  author,  and 
shown  in  the  engravings,  is  removing  only  the  shell  of  the  converter; 
lowering  it  out  of  the  trunnion  ring  easily  and  rapidly,  by  means  of 
a  simple  lift  and  ear,  and  replacing  a  repaired  shell  by  the  same 
means.  No  pillow  block  caps,  blast  connections,  nor  other  surround- 
ing parts  are  touched ;  a  dozen  cotters  are  knocked  out,  the  shell  is 
lowered  and  run  straight  back  to  the  repair  shed,  the  new  shell  is  run 
hi,  lifted  and  cottered  on  ;  this  is  all.  The  machinery  and  transfer- 
ence are  on  the  general  level,  and  not  forty  feet  or  more  up  in  the  air. 
The  car  may  be  moved  by  a  small  reversing  engine  or  by  a  hydraulic 
capstan,  by  means  of  a  wire  rope  and  sheaves  suitably  arranged.  The 
car  runs  against  a  stop,  and  the  lift  is  perfectly  vertical,  so  that  the 
shell  may  be  put  in  place  by  two  rapid  motions  without  the  delay  of 
adjustment. 

The  lining  may  be  heated  before  the  shell  is  put  in  place,  and  bot- 
toms (and  tuyeres)  may  be  separately  removed,  as  at  present,  or  they 
may  be  taken  away  with  the  shell  and  repaired  without  removal  from 
it.  In  the  latter  case,  the  shell  must  be  placed  in  trunnions,  in  the 
repair  shed,  so  that  the  bottom  may  be  turned  downward  for  repairs. 
But  if  the  bottom  is  first  removed,  the  shell  need  not  be  placed  in 
trunnions  in  the  repair  shed  ;  the  shell  will  stand  mouth  downward 
on  the  car,  a  position  most  favorable  for  repairing  both  the  mouth 
and  the  lining  about  the  tuyeres,  which  are  the  two  places  chiefly 
needing  repairs.  This  is  doubtless  the  better  plan,  and  it  saves  the 
cost  of  supplementary  trunnion  rings  and  turning  gear.  The  engrav- 
ings show  the  converter  hung  so  high  above  the  general  level  that 
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the  bottom  and  tuyere  box  can  be  hauled  out,  with  the  shell,  under 
the  trunnion  ring.  In  case  the  bottom  is  previously  removed,  the 
converter  may  be  hung  some  three  feet  lower. 

It  has  been  remarked,  that  in  American  works  converter  bottoms 
are  changed  so  rapidly  that  one  is  always  ready,  even  when  tuyeres 
stand  but  eight  or  ten  operations.  Changing  converter  shells  is  much 
more  rapid  than  changing  bottoms.  The  several  operations  of  re- 
moval and  transportation  are  the  same,  but  the  converter  lining  must 
be  trimmed  out  to  receive  the  new  bottom,  and  the  refractory  joint 
must  be  made.     The  new  shell  has  merely  to  be  cottered  on. 

The  comparative  cheapness  of  apparatus  to  change  the  shell,  in- 
stead of  the  entire  converter,  is  obvious.  The  two  hydraulic  lifts  for 
removing  the  bottoms  are  made  heavier,  and  there  are  several  cars  of 
simple  construction  ;  this  is  the  entire  extra  apparatus.  The  in- 
creased cost  of  the  converters  is  not  important.  In  the  other  case, 
the  traveler  with  its  engine,  and  the  standards  and  turning  gear  in 
the  repair  shed,  and  the  trunnion  rings  and  pinions  (the  chief  cost  of 
the  converters)  for  each  spare  shell,  approach  in  expense  that  of  a 
duplicate  plant  complete. 

But  one  objection  has  been  raised,  as  far  as  the  author  is  aware, 
to  the  plan  proposed,  and  that  is  the  possibility  of  damage  to  the  lift 
under  the  converter,  in  case  the  charge  should  burn  through  and  fall 
upon  it.  To  avoid  such  damage,  the  lift  table  may  be  sunk  several 
inches  below  the  pit  level  and  covered  with  sand.  It  may  be  re- 
marked, that  lifts  under  converters  are  used  in  nearly  all  the  Ameri- 
can works  with  satisfactory  results. 

The  engravings  illustrate  the  construction  and  arrangement  so 
fully  that  little  explanation  is  required.  The  trunnion  rings  (Figs. 
1 — 4)  is  of  cast  iron,  with  an  inch  wrought  iron  lining;  or  it  may 
better  be  a  steel  casting,  which  will  not  require  a  lining.  There  is  a 
twi  h-inch  annular  space  between  the  trunnion  ring  and  the  converter 
shell,  and  the  shell  is  prevented  from  shifting  laterally  by  means  of 
the  wedges  shown  in  Fig.  1.  The  car  is  raised  by  the  lift  to  receive 
the  shell  ;  or  the  shell  may  be  lowered  by  means  of  a  fork  on  the 
lift  passing  through  the  car. 

This  construction  of  converters  has  led  the  way  to  a  general  im- 
provement in  the  design  of  the  plant.  The  shells  and  bottoms  may 
be  run  out  laterally  into  the  converting  house,  but  the  space  here  is 
insufficient  for  convenient  repairs,  and  the  shells  for  one  converter 
could  not  be  well  got  to  the  other.  In  order  that  there  may  be  one 
common  place  for  repairs,  and  ample  room  both  for  spare  shells  and 
spare  bottoms,  they  must  be  run  out  in  rear  of  the  converters,  as 
shown  in  Fig.  8.  If  blast  furnace  metal  is  brought  directly  to  the 
converters,  this  rear  space  is  not  otherwise  wanted ;  but  if  cupolas 
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are  placed  there,  as  is  usually  the  case,  they  must  be  so  arranged 
that  the  shells  can  pass  ovit  under  them. 

But  the  cupolas  (excepting  the  spiegel  cupolas)  may  best  be 
placed  elsewhere  ;  if  there  are  blast  furnaces  the  cupolas  may  be  soar- 
ranged  near  them  as  to  utilize  the  same  system  of  transportation,  hoist- 
ing, blowing  and  hot  blast.  There  should  be  plenty  of  spare  gas 
from  good  furnaces  to  heat  cupola  blast.  These  are  very  important 
considerations,  regarding  both  cost  of  plant  and  economy  of  work- 
ing. And,  judging  from  the  experience  at  many  works,  the  disad- 
vantages of  hauling  fluid  iron  some  thousands  of  feet  in  a  railway 
ladle  are  less  than  those  due  to  crowding  the  melting  department, 
and  its  stock  yard  and  appurtenances,  close  behind  the  converters. 
Fluid  iron  is  hauled  from  one  to  two  miles*  without  chilling ;  it  need 
usually  be  hauled  but  a  few  hundred  feet,  and  the  cost  of  the  trans- 
porting plant  and  service  should  be  about  the  same  for  the  two  sys- 
tems. There  are  two  important  advantages  in  the  arrangement 
shown  by  the  engravings. 

1.  Placing  only  the  spiegel  cupolas,  instead  of  the  entire  melting 
department,  close  behind  the  converting  house,  leaves  its  rear  com- 
paratively open  to  free  ventilation,  thus  cooling  not  only  the  space 
around  the  converters,  but  also  the  casting  pit. 

2.  This  arrangement  provides  ample  room  for  the  convenient  re- 
moval of  slag,  which  in  the  basic  process  is  very  voluminous ;  one 
long  dumping  car  placed  under  both  the  converter  and  the  ladle 
catches  it  all,  and  as  the  bottom  of  the  pit  is  on  the  general  level, 
the  slag  is  neither  handled  nor  lifted — the  car  is  simply  hauled  out 
by  the  yard  locomotive  and  dumped.  Experts  well  know  the  cost 
and  inconvenience  of  breaking  up  and  quenching  slag  in  the  pit,  and 
of  lifting  it  out  of  the  pit,  and  then  loading  and  removing  it. 

Iron  may  be  got  to  the  converters  in  a  ladle,  by  various  means.  It 
may  be  hauled  on  the  general  level  to  one  or  more  hoists,  and  run 
into  short  spouts  or  directly  into  the  converter  mouths,  or  it  may  be 
drawn  up  a  gradual  incline  or  lifted  by  a  hoist  to  an  elevated  rail- 
way near  the  converters,  and  thence  tipped  or  tapped  into  them  di- 
rectly or  through  spouts.  The  short  elevated  railway,  as  shown  in 
Pig.  7,  has  one  conspicicuous  advantage— it  is  out  of  the  way  of  all 
other  apparatus  and  operations  ;  it  does  not  cross  railways,  nor  inter- 
fere with  any  transportation  on  the  general  level.  This  is  an  impor- 
tant feature  when  a  charge  is  made  every  twenty  to  thirty  minutes. 
The  ladle  is  drawn  by  a  locomotive  to  short,  steep  spouts  leading  to 
the  converters ;  there  is  no  lateral  nor  hand  movement,  and  hence  no 
delay.    A  spout  leads  to  each  converter,  chiefly  for  the  purpose  of  leav- 

*At  the  Barrow  Works  it  is  hauled  two  miles;  at  Ebbw  Vale,  some  live  miles. 
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ing  the  space  between  the  converters  (where  the  common  spout  is 
usually  placed)  quite  free  for  the  spiegel  ladle. 

The  spiegel  cupolas  and  their  appurtenances  occupy  so  little  room 
that  they  are  placed,  without  interference  with  other  apparatus, 
very  near  and  above  the  converters.  A  railway  ladle  receives  the 
spiegel  from  either  cupola  and  tips  it  directly  into  the  converter, 
quickly  and  hence  completely,  by  a  short  run  and  without  hoisting 
or  lateral  movement.  It  may  be  weighed  in  transit  if  desired.  The 
wide  platform  between  the  converters  is  at  other  times  free  for 
bringing  lime,  scrap  or  other  materials  to  the  converter  mouths, 
and  these  materials  are  conveniently  raised  by  the  cupola  hoist. 

The  floor  of  the  converting  house  is  raised  a  few  feet,  so  that  the 
pit  bottom  may  be  on  the  general  level,  for  the  convenient  removal 
of  slag,  as  before  explained.  The  ground  outside  of  the  converting 
house  slopes  gradually  to  the  general  level.  This  facilitates  the  re- 
moval of  products,  and  also  the  drainage. 

The  plant  for  repairing  shells  consists  of  two  turn  tables,  some 
short  railways  and  a  shed ;  also  some  platforms  and  a  lift  for  materi- 
als. If  bottoms  are  to  be  removed  with  the  shells,  there  must  also 
be  mounted  trunnion  rings  and  turning  gear ;  also  a  crane,  in  the 
shed;  but,  as  before  explained,  this  seems  unnecessary.  Room  is 
shown  for  repairing  four  shells  at  a  time,  but  the  railways  may  be 
lengthened  to  accommodate  more.  The  plant  for  repairing  bottoms 
consists  of  short  railways  and  turn  tables,  a  space  for  ramming  bot- 
toms under  a  shed  and  the  necessary  ovens  for  drying  them;  also  a 
crane,  which  sets  the  bottoms  directly  on  the  oven  cars.  If  ordinary 
tuyeres  are  used,  fewer  ovens  are  required;  if  the  bottom  is  all  one 
tuyere,  rammed  around  rods,  it  must  be  burned  for  two  or  three 
days,  so  that  more  and  hotter  ovens  are  necessary.  The  repairing 
department  may  obviously  be  arranged  in  other  ways,  to  suit  special 
cases. 

The  average  output  of  the  American  plant,  having  two  six  to 
seven-ton  silica  lined  converters  in  one  pit,  is  one  hundred  thousand 
tons  of  ingots  per  year.  It  will  doubtless  appear  that  the  plant 
under  consideration  should  produce  even  more,  with  basic  linings, 
because  it  has  ten-ton  converters,  and  means  of  keeping  one  of  them 
in  constant  repair,  so  that  the  converting  operations  may  follow  one 
another  without  interruption. 

Recapitulation. — 1.  The  endurance  of  basic  linings  is  so  small  that 
the  ordinary  system  of  repairs  would  reduce  the  output  of  an  Ameri- 
can plant  about  one-half. 

2.  The  only  adequate  sj'stem  of  repairs,  with  existing  basic  refrac- 
tory materials,  is  to  remove  and  replace  linings  bodily  by  removing 
and  replacing  the  vessels  containing  them. 
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3.  Changing  converters,  trunnions  and  all,  requires  very  costly 
apparatus,  and  much  labor  and  time  in  disconnecting  parts,  and  in 
making  the  transference. 

4.  Changing  only  the  shells  of  converters  (leaving  the  trunnions 
and  their  connections  undisturbed)  requires  only  cheap  and  simple 
apparatus  ;  and  the  operation  may  be  performed  so  quickly  that  basic 
linings  will  give  the  maximum  output  of  acid  linings. 

5.  Leaving  the  building  open  in  rear  of  the  converters,  instead  of 
placing  the  melting  department  there,  gives  good  ventilation  and 
ample  space  for  bottoms  and  shells  to  be  run  out  for  repairs  and  for 
slag  to  be  removed  from  the  pit.  The  cupolas  (excepting  the  spiegel 
cupolas)  may  be  placed  elsewhere,  especially  by  adjacent  blast  fur- 
naces ;  and  melted  metal  may  be  transported  thousands  of  feet  with- 
out difficulty. 

6.  Placing  the  pit  bottom  on  the  general  level  allows  slag  to  be 
hauled  away  directly,  without  rehandling  or  lifting.  The  elevation 
of  the  converting  house  floor  thus  produced  facilitates  the  removal  of 
products. 

7.  The  metal  ladles  are  brought  in  behind  and  above  the  convert- 
ers, and  are  discharged  by  separate  spouts,  so  as  to  leave  the  space 
between  the  converters  open  for  a  short  run  of  the  spiegel  ladle? 
and  of  lime  and  other  solid  materials  to  be  charged. 

8.  The  spiegel  cupolas  are  placed  near  and  above  the  converters) 
so  that  the  metal  may  be  run  in  quickly  and  completely,  without 
vertical  or  lateral  movement,  by  means  of  a  ladle  car. 

9.  The  repairing  plant  is  conveniently  placed  in  rear  of  the  con- 
verting house,  but  it  may  obviously  be  modified  in  extent  and  posi- 
tion, to  suit  local  circumstances. 


DISCUSSION. 

Prof.  Thurston — I  would  like  to  ask  Mr.  Holley  one  or  two  ques- 
tions. I  would  like  to  ask  whether  the  same  result  could  not  be 
obtained  with  the  use  of  fluorides  which  would  give  volatile  gaseous 
products  with  the  phosphorous,  instead  of  by  using  the  basic  linings 
which  give  you  in  this  case  liquid  compounds. 

Mr.  Holley — I  have  heard  that  this  was  tried  in  upper  Silesia, 
but  the  trials  were  incomplete,  and  I  could  not  learn  why  the  result 
had  been  unsatisfactory.  No  trials  upon  which  any  conclusion  could 
be  based  have  been  made. 

Prof.  Thurston — That  I  presume  is  looked  upon  as  a  promising 
direction  for  investigation.  The  remark  has  been  made  that  with 
this  change  the  operation  may  be  performed  so  quickly  that  the 
basic  linings  will  give  the  output  of  acid  linings.     Then  I  would  ask 
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what  puts  the  limit  to  our  production  ?  That  has  been  one  of  the 
things  which  have  been  obstructive.  Now  that  being  avoided  by  the 
introduction  of  this  converter  shell,  separate  from  its  trunnions,  where 
does'  the  next  limiting  condition  come  in  ?  What  prevents  us  from 
going  up  to  two  hundred  thousand  tons  per  annum ! 

Mr.  Holley — At  first  the  difficulty  was  in  making  durable  refractory 
linings — esrjecially  in  vessel  bottoms.  When  this  was  so  far  overcome 
as  to  allow  the  conversion  of  a  large  product,  the  melting  capacity 
of  the  cupolas,  worked  foundry  fashion,  was  inadequate ;  then  we 
experimented  some  years  on  deep  bottoms,  slag  tapping,  &c,  to 
adapt  cupolas  to  the  work.  We  are  now  making  still  larger  cupolas — 
seven  feet  or  more  in  internal  diameter.  Now  the  limiting  condition 
seems  to  be  the  capacity  of  the  pit  cranes  to  get  the  ingots  away 
and  set  the  moulds.  This  difficulty  will  be  overcome,  by  a  new  ar- 
rangement of  pit  and  cranes,  at  the  North  Chicago  Steel  Company's 
Works,  now  building.  First  one  thing,  and  then  another,  has  caused 
delay.  Now,  the  plant  for  acid  linings  has  got  to  be  pretty  nearly 
harmonious — one  part  as  efficient  as  another,  but  its  capacity  is 
about  reached,  and  the  whole  must  be  rearranged  and  enlarged  to 
get  a  very  rnuch  larger  output. 

Prof.  Thurston — I  am  very  sure  that  the  adoption  of  just  such 
simple  ingenious  and  useful  things  as  this  of  Mr.  Holley 's  will  get 
us  over  the  difficulty.  I  woidd  ask  what  progress  the  basic  process 
is  making  abroad  ? 

Mr.  Holley — The  basic  process  is  used  in  some  twenty  works  on 
the  Continent,  largely  in  Germany,  also  in  Austria  and  France,  and 
in  two  places  in  Belgium.  The  process  is,  I  think,  revolutionary  in 
so  far  as  quality  is  concerned.  Its  s\iccess  is  only  limited  by  the 
reduced  production. 

The  objection  to  the  new  process  on  account  of  the  delay  in 
repairing  linings,  is  not  so  conspicuous  abroad  as  it  would  be  here ; 
because  the  output  of  a  given  acid  plant  there  is  much  less  than  in 
the  United  States.  As  to  quality,  however,  there  cannot  be  any 
question.  Nearly  all  the  steel  made  abroad  by  the  basic  process  has 
practically  no  silicon  whatever. 

In  Austria  I  saw  them  making  boiler  plate  steel  which,  so  far  as 
the  test  showed,  was  as  good  as  any  I  have  seen  in  this  country  made 
out  of  charcoal  blooms.  The  iron  was  simply  blown  and  cast  with- 
out the  addition  of  spiegeleisen. 

Prof.  Thurston— There  is  one  other  question  in  which  I  think 
every  one  is  interested :  What  is  the  bearing  of  such  a  change  as  this 
upon  the  relative  productivity  of  plant  in  this  country? 

To-day,  in  Europe,  a  certain  plant  furnishes  fifty  thousand  tons  of 
ingots ;  to-day,  in  this  country,  the  same  nominal  plant  furnishes  one 
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hundred  thousand  tons  of  ingots.  There  is  a  difference  there  which 
is  due  either  to  our  mechanism  or  our  labor,  and  -whether  it  is  due 
to  the  one  or  the  other,  and  also  whether  we  are  going  to  need 
further  protection  for  that  industry,  is  a  point  which  would  interest 
all. 

Mr.  Holley — I  am  convinced  that  it  is  just  about  half  and  half. 
Half  is  due  to  our  better  plant  and  half  is  due  to  better  manage- 
ment, to  the  greater  energy,  activity  and  enterprise  on  the  part  of 
our  managers,  and,  also,  to  better  work  on  the  part  of  the  men. 

As  to  the  remaining  part  of  the  question,  perhaps,  that  can  be 
inferred  from  the  answer  to  the  previous  part. 
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FRICTION    AS    A     FACTOR    IN     MOTIVE-POWER 
EXPENSES. 

BY    PROF.    JOHN    E.    SWEET,    SYRACUSE,    N.    Y. 
Read  at  the  Annual  Meeting,  1880. 

The  honor  of  reading  the  first  paper  before  this  Society  having 
been  conferred  upon  me,  my  greatest  regret  is  that  I  am  not  better 
prepared  to  do  honor  to  the  high  compliment. 

The  two  classes  of  papers  that  will  prove  most  valuable  to  the 
Society  are  those  that  present  new  discoveries  or  inventions,  and 
those  that  call  forth  general  discussions  upon  subjects  of  universal 
interest. 

Not  having  anything  new  of  sufficient  importance  to  form  the 
subject  of  a  paper,  a  topic  has  been  selected  that  must,  more  or  less, 
interest  all  :  and  which,  it  is  hoped,  will  call  forth  some  discussion, 
or  bring  out  the  thoughts  and  experiences  of  those  who  have  spent 
a  lifetime  in  the  study  of  steam  engineering. 

Friction  as  a  Factor  in  Motive  Power  Expenses,  has  been  taken 
as  the  title  of  this  paper.  Not  that  you  are  to  be  treated  to  an  essay 
upon  he  subject,  but  simply  as  an  excuse  far  presenting  my  thoughts 
and  experience  in  steam  engine  experiments,  which  have  all  tended 
towarc  economy  by  reducing  friction,  and  consecpiently,  maintenance 
and  re  airs. 

Grea.  economy  in  the  use  of  fuel  has  been  accomplished  within 
the  last  twenty  or  thirty  years  by  following,  in  a  proper  way,  the 
paths  laid  out  by  the  engineers  a  half  century  before. 

Increased  pressure  ;  increased  expansion — cut-off  controlled  by 
the  governor — compounding ;  surface  condensation :  the  steam 
jacket  and  high-speed.  Many  of  these  improvements  were  predicted 
years  before,  bnt  remained  unperfected  till  recent  times. 

Notwithstanding  the  fact  that  two  or  three  of  the  old  slide-valve 
engines  of  our  forefathers  are  still  running  to  every  one  of  all  other 
kinds,  yet  we  must  honor  George  H.  Corliss  for  the  great  revolu- 
tion he  has  been,  more  than  any  other  one  man,  instrumental  in  cre- 
ating. And,  too,  we  must  sooner  or  later,  and  Mr.  Corliss  with  us, 
bow  reverently  to  Charles  T.  Porter  for  proving   that  sound  engi- 
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neeriiig  and  perfection  of  workmanship  render  high  srjeed  possible, 
safe  and  profitable. 

Without  aspiring  to  the  advancement  of  any  new  principle,  or 
assuming  to  possess  full  knowledge  of  the  principles  that  govern  the 
action  of  steam,  I  have  expended  a  good  deal  of  thought  upon  the 
steam  engine,  but  always  as  a  machine.  Accepting  the  principle 
that  an  automatic  cut-off  and  high  speed  were  settled  advantages,  I 
have  worked  to  design  an  engine  as  I  would  to  design  any  other 
piece  of  mechanism. 

That  is,  to  use  the  fewest  necessary  parts ;  to  put  them  in  the  best 
form,  and  to  make  the  machine  durable,  which  of  itself  implies,  as 
free  as  possible  from  friction. 

Having  worked  up  to  this  friction  question  from  the  other  way, 
and  becoming  biased  in  my  convictions,  I  now  state  boldly  what  to 
many  may  probably  appear  absurd. 

Of  two  roads,  one  offering  a  saying  of  ten  per  cent,  by  a  reduction  in 
friction,  anil  the  other  a  saving  of  twenty  per  cent,  in  the  use  of  steam, 
I  should  take  the  road  which  leads  to  a  saving  in  friction  ;  which  of 
necessity  implies  an  additional  saving  in  maintenance,  attendance, 
repairs,  and,  above  all,  saving  the  loss  occasioned  by  delays. 

The  percentage  of  loss  by  attendance,  repairs  and  delays,  is  far 
larger  in  small  engines  than  in  large  ones  ;  and  it  is  to  the  small 
engines  that  I  have  directed  my  own,  and  to  which  I  wish  to  call 
your  attention. 

Generous  wearing  surfaces,  accurately  fitted  and  properly  lubri- 
cated, are  pretty  commonly  supposed  to  be  all  that  is  necessary  to 
secure  freedom  from  friction  ;  but  absolute  alignment  is  a  factor  of 
equal  importance,  and  absolute  alignment  implies  many  considera- 
tions, some  of  which  never  occur  to  many  designers  of  machinery. 

A  shaft,  set  in  perfect  line,  when  at  rest,  and  deflected  by  the 
strains  put  upon  it  while  at  work  is  not  in  line.  And  a  journal 
that  is  so  long  as  to  spring  within  its  own  length  has  not  only  its 
own  alignment  destroyed,  but  its  generous  wearing  surface  also. 

It  will  be  seen  by  the  sketches  of  details  that  I  deviate  in  many 
particulars  from  what  is  believed  to  be  the  best  practice  of  the  best 
engineers  ;  but  in  no  particular  so  radically  as  in  making  certain 
portions  rigid  and  weak,  rather  than  strong  and  elastic.  These  may 
seem  contradictory  terms,  but  they  are  not. 

Fig.  1  shows  a  plan  of  engine  framing  that  promises  to  secure  per- 
fect alignment  during  the  life  of  the  engine. 

The  strain  is  resisted  by  the  diverging  arms,  running  in  a  direct 
line  from  cylinder  to  the  main  bearings.  The  main  bearings  being 
equally  loaded,  cannot  wear  down  unequally,  and  the  whole  structure 
resting  upon  three  self-adjusting  supports,  stands  a  fair  chance  of 
remaining  true  for  all  time,  if  made  so  originally. 
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The  fly-wheel  is  split  through  from  side  to  side,  and  the  crank 
placed  between  the  two  halves  (the  bosses  of  the  two  half  wheels 
making  the  throws  of  the  crank).  Thus  making  a  bnilt  up  crank, 
which  locomotive  and  steamship  practice  has  proven  to  be  a  better 
method  than  that  of  cutting  them  from  a  solid  forging.  Aside  from 
this  manner  of  construction,  there  is  an  advantage  in  thus  putting 
the  wheels  within  the  frame. 

The  power  is  applied  to  the  wheel  without  going  through  the 
main  bearing,  and  the  counter  weight,  acting  directly,  does  not  tend 
to  bend  the  main  shaft.  To  explain  :  Imagine  the  main  wheels  to 
be  outside  the  framing,  and  counter  weighted  to  balance  the  crank 
and  reciprocating  parts.  Then  the  force  of  the  steam  acting  in  one 
(brection,  and  the  counter-weights  acting  opposite,  the  strain  tending 
to  bend  the  shaft  in  the  bearings  would  be  greatly  increased.  Again,  if 
a  counter  weight  be  used  in  a  disc  crank  of  the  overhanging  kind,  the 
shaft  will  at  each  revolution  be  lifted  from  its  seat ;  or,  in  other 
words,  the  disc  crank,  tending  to  revolve  around  its  center  of  gravi- 
ty, will  cause  the  shaft  to  be  worn  wholly  on  one  side;  while  in  the 
form  shown,  the  entire  weight  of  the  shaft,  crank  and  wheels  tends 
to  hold  the  shaft  down,  and  the  engine  would  run  without  danger, 
if  the  shaft  was  mounted  in  the  classical  crotched  sticks,  if  they  were 
only  strong  enough  to  sustain  the  weight. 

Fig.  2  shows  a  section  through  the  cylinder  and  throttle  valve. 

The  throttle  valve  is  the  invention  of  John  Coffin,  and  has  these 
meritorious  points.  A  straight-way  opening;  an  opening  that  has  a 
good  form  when  full  open,  half  open,  or  nearly  closed  ;  and  neither 
the  valve  nor  the  seat  is  exposed  to  the  action  of  the  steam  when 
open,  nor  the  action  of  corrosion  when  closed.  It  consists  of  a  cir- 
cular disc  A,  turning  upon  a  circular  seat  B,  with  a  like  opening 
through  each.  A  segmental  rack  on  the  disc,  a  pinion  and  shaft 
within  the  casing  and  hand  wheel  outside,  complete  the  device.  The 
piston,  as  will  be  seen,  is  very  long  and  light,  which  gives  a  large 
wearing  surface  in  proportion  to  the  weight ;  prevents  the  piston 
from  ricocheting  through  the  cylinder,  and  requires  less  severe 
packing  to  prevent  the  leakage  of  steam.  This  form  leaves  but  a 
narrow  wall  of  metal  in  which  to  secure  the  piston  rod,  and  that  is 
made  fast  in  a  novel  manner.  The  hole  is  conical  at  each  end,  and 
has  a  parallel  thread  in  the  center  ;  into  this  hole  the  rod  is  screwed, 
while  the  piston  is  red  hot.  The  conical  shoulders  prevent  the  rods 
being  forced  in,  the  thread  from  being  drawn  out,  and  the  shrink  fit 
from  unscrewing.  The  rod,  instead  of  being  parallel,  as  is  usual,  is 
reduced  at  each  end  ;  for  the  same  purpose  cylinders  are  counter 
bored.  This  reducing  the  ends  of  the  rod  serves  another  purpose. 
Whatever  spring  may  occur  will  be  sure  to  take  place  within   the 
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reduced  ends,  leaving  the  body  of  the  rod  straight.  Why  a  cylinder 
should  be  counter  bored  at  its  ends,  and  the  rod  not  counter  turned 
at  its  ends,  is  more  than  I  can  understand.  This  is  a  thing  I  believe 
I  was  the  first  to  do,  and  if  it  has  been  appropriated  by  others,  I 
am  not  conscious  of  it. 

The  substitute  for  a  stuffing  box  shown  is  also  new.  It  consists 
of  nothing  but  a  long  round  hole,  which  prevents  the  escape  of 
steam,  not  by  being  a  tight  fit  to  the  rod,  but  by  its  length.  The 
hole  is  from  five  to  six  one-thousandths  of  an  inch  larger  than  the  rod, 
and  is  made  through  a  bushing  of  Babbitt  metal,  some  six  or  seven 
diameters  in  length.  A  spherical  hub,  cast  on  the  bush,  fits  in  a 
brass  socket,  and  that,  in  turn,  rests  against  a  flat  seat,  so  the  bush 
is  free  to  move  in  every  direction  ;  it  is  held  in  place  by  steam  press- 
ure, and  a  split  washer  at  its  outer  end,  and  is  held  up  from  the  rod 
by  a  slight  spring',  just  rigid  enough  to  take  the  weight ;  so  the  de- 
vice is  simply  a  round  rod  passing  back  and  forth  through  a  round 
hole  without  contact.  That  it  is  steam-tight  and  frictionless  is  evi- 
dent ;  how  long  it  will  remain  so,  remains  to  be  shown.  If  but  one 
year,  the  cost  in  packing  alone  will  be  less  than  hemp,  to  say  nothing 
of  the  saving  in  friction,  piston  rods,  and  the  Sunday  work  of  the 
engineer. 

The  method  of  securing  the  cylinder  and  steam  chest  covers 
is  unlike  the  common  one  in  this,  that  'the  studs  are  one  size 
larger  at  the  inner  end  than  at  the  outer.  The  holes  are  drilled  in 
the  cylinder  to  a  positive  depth,  and  the  bole  chambered  out  at  the 
bottom  to  the  full  size  of  the  thread,  and  squared  out  so  as  to  form 
a  flat  bottom.  This  permits  the  making  of  a  perfect  thread,  and 
renders  it  possible  to  make  the  studs  in  advance. 

The  cross  head,  shown  in  Fig.  5,  is  about  one-third  longer  than 
the  stroke  of  the  engine,  and  runs  on  slides  about  one-fourth  longer 
than  itself.  The  cross  head  being  cast  in  one  piece,  and  both  lower 
slides  in  one  piece  also,'  the  two,  when  once  made  absolutely  flat, 
are  likely  to  remain  so,  and  with  the  generous  wearing  surface  run 
very  free  from  friction. 

One  special  feature  is,  making  the  cross-head  pin  turn  in  the  cross 
head  itself,  rather  than  in  the  connecting  rod,  giving  two  long  bear- 
ings in  the  place  of  one  short  one,  and  bearings  that  can  be  oiled 
while  the  engine  is  in  motion. 

A  cross  section  of  the  pin  is  shown,  greatly  enlarged,  in  Fig.  4.  It 
is  peculiar  in  this,  that  it  has  its  top  and  bottom  sides  cut  away  for 
about  one-sixth  of  its  circumference,  so  as  to  leave  bearings  on  its 
sides  only. 

The  hole  is  also  cut  out  on  its  top  and  bottom  sides,  but  to  a 
greater  extent  on  top  than  on  the  bottom.     Not  simply  cut  away  in 
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a  haphazard  manner,  but  with  a  sharp  clean  cut  to  theoretically 
defined  points.     In  this  I  believe  we  are  alone  in  the  practice.  ■ 

In  the  forming  of  the  crank  shaft  by  using  the  bosses  of  the  fly- 
wheels for  the  throws,  as  will  be  seen  in  Fig.  5,  this  peculiarity  may 
be  noticed.  Small  concave  grooves  are  turned  in  the  crank  pin,  just 
inside  the  wheels,  and  in  the  shafts,  just  outside — such  grooves  as 
would  be  cut  in  it  if  one  wished  to  break  the  shaft  in  two  at  that 
point,  except  that  the  grooves  are  round  bottomed.  These  grooves 
are  for  three  purposes :  1st.  To  prevent  the  oil  from  following  out 
the  shoulder  and  being  thrown  off  as  by  a  centrifugal  pump.  2d. 
To  leave  the  wearing  surface  of  the  journal  exactly  as  long  and  no 
longer  than  the  wearing  surface  in  the  box.  3d.  To  make  that 
point  the  weakest  point  in  the  shaft.  All  spring,  or  nearly  all 
spring,  that  takes  place  must  take  place  in  these  reduced  places,  and 
so  the  journal  will  remain  practically  straight  throughout  its  entire 
length. 

If  these  same  shafts  were  turned  down  one-sixth  of  their  diameter 
with  quarter  circle  fillets,  they  would,  in  my  opinion,  be  very  much 
stronger,  but  also  very  much  more  elastic  and  would  easily  spring 
within  their  own  length,  which,  as  before  stated,  would  destroy  both 
the  alignment  and  wearing  surface. 

This  form  of  crank-pin  shaft  admits  of  giving  free  end  play,  a 
feature  of  far  greater  importance  than  would  at  first  appear. 

A  true  cylinder  cannot  be  run  in  a  box  for  any  great  length  of 
time  or  wear  to  any  extent  and  remain  a  true  cylinder,  unless  it  has 
sufficient  end  play  to  prevent  grooving,  and  unless  the  wearing  sur- 
face of  the  cylinder  is  of  the  same  length  as  the  surface  within  which 
it  runs.  Unless  a  journal  is  made  a  true  cylinder  and  so  remains, 
the  minimum  of  friction  has  not  been  reached. 

A  true  cylinder  with  perfect  alignment  is  only  second  to  lubrica- 
tion, and  some  of  our  methods  of  lubrication  are  shown  in  this  same 
figure. 

The  crank  box,  in  addition  to  a  tallow  cup  which  is  upon  itself,  can 
be  oiled  while  the  engine  is  in  motion  by  ejecting  oil  into  the  eccen- 
tric chamber  from  which  it  is  thrown  by  centrifugal  force  to  the 
crank.  So  too  the  oil  for  the  eccentric  strap  is  introduced  into  the 
inside  of  the  eccentric  and  thrown  out  through  oil  holes  in  its  face. 
In  addition  to  oil  holes  for  oiling  the  main  bearings  in  the  usual 
manner,  there  are  loose  rings  hung  upon  the  shafts  with  their  lower 
sides  dipping  in  the  wTaste  oil  reservoirs.  These  rings,  trundling 
upon  the  shaft,  carry  the  oil  up  and  keep  the  journal  flooded. 

In  order  to  show  to  what  extent  the  friction  of  the  governor  has 
been  reduced,  it  becomes  necessary  to  show  the  governor  itself. 
See  Fig.  6.     The   single  governor  ball  is  so  pivoted,  weighted,  and 
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linked  to  the  single  shifting  eccentric  as  to  balance  it,  and  its 
attachments,  against  gravitation.  The  very  strong  spring,  linked 
also  to  the  eccentric  completes  the  governor  mechanism.  When  the 
centrifugal  force  of  the  governor  ball  becomes  sufficiently  great,  it 
compresses  the  spring,  shifts  the  eccentric,  and  reduces  the  throw 
of  the  valve. 

The  pivot  upon  which  the  eccentric  turns  is  a  common  journal, 
subject  to  slight  pressure  and  little  movement,  while  the  pivots  in 
the  ends  of  the  links,  which  are  subject  to  great  strain  and  slight 
movement,  are  made  as  shown  in  Fig.  7.  A  hole,  somewhat  larger 
than  the  pin  upon  which  it  turns,  has  a  tempered  steel  plate  dove- 
tailed into  it,  so  that  its  face  is  at  right  angles  to  the  line  of  pressure. 
Upon  this  plate  the  pin  rolls,  thus  substituting  rolling  for  sliding 
friction — a  pivot  that  requires  no  oil. 

Motion  is  communicated  to  the  valve  by  the  eccentric  through  the 
eccentric  rod  and  rocker  arm  in  such  a  manner  as  to  produce  results 
not  before  obtained.     This  can  be  best  explained  by  Fig.  8. 

"What  is  done  in  using  a  shifting  eccentric  is  simply  to  change  the 
throw,  and  what  is  sought  in  all  designs  is  to  be  able  to  change  the 
throw  when  the  crank  is  on  either  dead  center  without  giving  per- 
ceptible motion  to  the  valve.  By  placing  the  rocker  arm  in  the  posi- 
tion shown  in  this  sketch,  no  motion  is  imparted  to  the  valve,  except 
what  is  due  to  the  versed  sign  of  the  arcs.  The  eccentric  rod  and 
the  distance  between  the  center  of  the  eccentric  and  its  pivot  being 
the  radii.  By  this  arrangement  the  lead  of  the  valve  (if  the  engine 
has  lead)  will  remain  practically  constant,  the  cut-off  be  alike  at  each 
end  of  the  cylinder,  and  the  valve  have  the  greatest  opening  at  the 
end,  where  it  is  required.  It  may  not  appear  what  this  has  to  do 
with  friction — nothing — except  that  with  this  simple  governor  and 
valve  motion  one  valve  is  made  to  serve  as  admission,  cut-off,  and 
exhaust,  and  one  valve  is  assumed  to  consume  less  power  than  two 
or  four.  The  valve  used  cannot  properly  be  called  a  balanced  slide 
valve,  nor  a  piston  valve,  and  yet  it  has  the  merits  of  both  with  the 
defects  of  neither. 

The  valve  face  on  the  side  of  the  cylinder,  see  Fig.  9,  is  of  the 
same  character  as  that  used  for  the  common  slide  valve.  A  cover 
plate  of  great  strength,  being  cast  iu  the  form  of  a  dome,  has  upon 
its  face,  recesses  to  correspond  in  size  and  position  with  the  ports  in 
the  cylinder.  This  cover  plate  is  held  away  from  the  valve  face  by 
two  strips  of  metal,  see  Fig.  10,  so  that  these  four  parts — the  valve 
face,  cover  plate,  and  two  strips — surround  a  rectangular  opening. 

A  rectangular  casting,  moved  back  and  forth  within  this  opening, 
works  precisely  like  a  piston  valve.  Both  steam  tight  and  friction- 
less,  if   properly  fitted,   and  better    than  the  piston  valve  in  four 
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respects.  The  valve  wearing  down  by  its  own  weight,  does  not 
cause  a  leak  over  the  top  ;  water  in  the  cylinder  can  find  its  way 
back  into  the  steam  chest ;  change  of  temperature  does  not  affect 
the  fit,  and  wear  may  be  compensated  for  by  reducing  the  packing 
strips. 

This  valve  in  its  main  feature  is  old,  but  is  new  in  so  far  as  using 
loose  strips  is  concerned,  and  in  another  very  important  point.  In 
use  this  valve  showed  one  marked  peculiarity,  and  one  that  has  been 
noticed  years  without  any  one  accounting  for  it.  The  four  faces  of 
the  valve  seat  and  the  two  outer  faces  of  the  cover  plate  remained 
perfect,  the  two  inner  face  of  the  cover  plate  at  once  took  on  a  dif- 
ferent appearance,  and  after  some  months'  use  appeared  cut  away, 
and  would  sooner  or  later  leak  steam.  Investigation  revealed  the 
cause.  The  exhaust  steam  leaving  the  cylinder  dashed  directly 
against  these  faces  on  its  way  to  the  exhaust  port.  A  simple  remedy 
has  been  found  in  casting  the  two  projecting  ledges  in  the  valve 
itself. 

One  other  point  used  in  the  construction  of  this  valve  is  practiced 
which  adds  to  its  durability.  All  the  edges  of  the  valve  and  ports 
are  left  just  as  they  come  from  the  sand,  special  care  being  taken 
not  to  disturb  the  scale  of  the  iron.  While  I  believe  no  worse  use  of 
time  and  money  was  ever  made  than  dressing  out  the  ports  of  steam 
engines,  the  necessity  for  such  work  is  less  in  this  than  in  most 
others,  as  the  throw  of  the  valve  is  greater.  About  this  valve 
and  others  working  on  the  "  mechanical-fit "  principle,  there  is  a 
feature  not  commonly  thought  of,  and  one  that  may  be  pretty  gen- 
erally denied.  I  make  the  statement,  however,  and  feel  free  to  main- 
tain it,  it  is  this :  that  the  valve  will  work  with  a  less  consumption 
of  power  if  worked  a  certain  long  distance  than  if  a  certain  short 
one. 

The  elements  in  this  combination  that  contribute  toward  the 
reduction  of  friction  are  a  free-running  piston  and  cross  head,  fric- 
tionless  piston  and  valve  rods,  perfect  running  journals  and  crank 
bearings,  a  governor  that  consumes  no  power,  and  a  frictionless 
valve. 

Against  this  it  may  be  claimed  that  we  have  nothing  but  a  shift- 
ing eccentric,  a  single  valve,  and,  consequently,  an  imperfect  distri- 
bution of  steam. 

While  this  is  true,  it  is  not  true  to  the  extent  likely  to  be  imag- 
ined. Because  with  this  valve  motion  the  worst  defects  of  the  shift- 
ing eccentric  are  avoided,  and  with  the  free  running  and  extra  large 
double  port  valve  we  are  able  to  use  it  in  an  unusual  manner. 

It  is  usual  to  give  a  valve  lead  that  is  to  admit  steam  to  the  cylin- 
der before  the  crank  has  arrived  to  within  5°  or  10°  of  its  dead  cen- 
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ter.  This  is  to  insure  smooth  running,  and  to  get  the  steam  into 
the  cylinder  by  the  time  it  can  begin  to  produce  rotation,  which  can 
not  possibly  be  until  the  crank  has  passed  from  5"  to  10°  past  the 
dead  center.  With  high  compression,  which  is  necessary  for  econo- 
my, and  unavoidable  when  cutting  off  short  with  a  single  valve,  we 
secure  smooth  running,  and  with  a  large  valve  and  double  port  we 
are  able  get  all  the  steam  required  without  opening  in  advance. 

That  is,  instead  of  oj>ening  the  valve  before  the  crank  has  got 
within  1A"  of  the  dead  center,  we  do  not  open  it  until  it  is  l^"  past. 
and,  with  this  advantage,  other  things  being  equal,  both  exhaust 
and  compression  will  not  take  place  until  the  crank  has  made  1£" 
more  of  its  journey,  thus  increasing  the  area  of  the  card  at  both 
ends  of  the  stroke. 

Of  all  of  this  there  is  not  so  very  much  that  is  new.  When  one 
is  groping  his  way  in  a  field  of  inventions  that  has  been  traversed, 
by  from  one  to  ten  thousand  people,  a  hundred  years  or  more,  he  is 
not  likely  to  stumble  upon  a  forest  of  novelties  ;  but  all  of  what  I  have 
claimed  to  be  new  or  useful,  I  expect  to  be  called  upon  to  back  np 
or  back  down  from. 

DISCUSSION. 

Prof.  Robinson — I  would  like  to  raise  a  query  in  regard  to  the 
occurrence  of  sediment  of  dirt  in  the  steam  chest,  under  these  side 
strips  which  relieve  the  valve  of  the  back  pressure.  It  has  occurred 
to  me,  as  I  have  examined  these  arrangements,  that  there  is  a  pos- 
sible chance  of  sediment  getting  under  as  the  engine  is  just  starting, 
the  water  being  forced  out  of  the  cylinder  and  lifting  the  valve  out 
of  its  seat,  and  in  that  way  depositing  sediment  under  these  strips. 
I  would  like  to  inquire  whether  there  has  been  any  difficulty  met 
with  in  that  respect. 

Prof.  Sweet — I  think,  from  reading  the  reports  of  the  discussions 
of  the  papers  among  the  English  societies,  that  it  is  usual  for  the 
one  who  reads  a  paper  to  wait  until  all  remarks  upon  it  have  been 
made,  and  then  to  reply  to  them  all  at  once.  Whether  that  is  the 
best  way  or  not  I  do  not  know.  I  think  it  has  been  the  practice 
with  the  Mining  Engineers.  I  have  no  objection,  however,  to  an- 
swering any  questions  that  come  up.  I  would  ask,  though,  which 
practice  it  is  desired  to  pursue  in  this  Society  ? 

The  President — We  have  no  precedent  as  yet,  Professor.  I 
should  say  the  best  way  would  be  to  take  them  as  they  come. 

Prof.  /S/neet — Then  I  would  say,  in  answer  to  Prof.  Robinson's 
question  that  we  have  not  had  sufficient  experience  to  know  that 
it  cannot  take  place. 

Mr.  Porter — I  observed  by  the  drawing  that  the  back  plate  seemed 
to  be  held  by  a  screw  through  the  cover. 
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Prof.  Sweet — Not  by  a  screw — by  a  spring. 

Mr.  Porter — -Well,  it  is  held  in  contact,  unless  suddenly  lifted  for 
a  moment.  I  do  not  suppose  that  the  difficulty  has  ever  been  en- 
countered, practically,  of  solid  matter  lodging  upon  those  surfaces. 
"We  have  never  known  anything  of  the  kind. 

Tli>_  President — Do  you  never  get  any  grit  between  those  surfaces? 

Mr.  Porter — It  does  not  get  on  those  surfaces.  There  is  not  only 
the  spring,  but  when  the  engine  is  in  motion  the  pressure  of  the 
steam  is  on  the  back  of  the  plate,  and  I  fancy  that  it  can  hardly  be 
lifted  so  as  to  expose  the  surfaces  of  the  strips  in  such  a  way  that 
anything  can  be  deposited  upon  them. 

Prof.  Robinson — I  tliink  it  is  claimed  by  some  that  in  many  cases 
of  the  pounding  of  engines,  in  starting,  due  to  water  in  the  cylinder, 
the  head  of  the  cylinder  might  be  forced  off  except  for  the  rjossibility 
of  the  valve  rising.  Take  engines  with  no  variability  to  the  stroke 
of  the  valve,  and  theu  at  the  same  time  having  a  cushion,  it  strikes 
me  that  this  must  often  occur.  If  we  shovdd  take  the  case  of  an 
engine  where  we  have  a  bored-out  cylinder  and  plug  valve  running 
in  that,  I  think  that  we  shoidd  find  a  marked  difference  in  the  start- 
ing of  the  engine. 

Mr.  Porter — In  ease  of  water  in  the  cylinder,  of  course  this  plate 
will  momentarily  lift  and  the  cylinder  be  relieved  by  the  water  rush- 
ing into  the  steam  chest;  but,  practically,  I  never  heard  of  any 
deposit  on  those  surfaces.  My  own  construction  is  similar  to  that. 
The  same  liability  to  have  solid  matter  deposited  on  those  surfaces 
would  exist.  But  I  have  never  known  anything  of  the  kind  in 
practice.     I  am  cpiite  sure  it  is  not  to  be  apprehended. 

Prof.  Robinson — I  might  remark  that  I  had  supposed  from  the 
appearance  of  the  piston  presented  on  the  sketch,  that  Mr.  Porter 
wovdd  be  inclined  to  make  a  point  of  the  light  piston.  This,  I  under- 
stand, is  to  be  a  high-speed  engine.  The  question  might  arise  why 
Prof.  Sweet  does  not  introduce  the  heavy  piston.  I  would  like  to 
hear  this  marked  difference  explained,  if  there  is  a  good  reason  for 
the  light  piston. 

Prof.  Sweet — The  difference  between  Mr.  Porter  and  myself,  so 
far  as  I  have  gone,  is,  that  I  put  the  weight  in  the  cross  head  in- 
stead of  in  the  piston. 

Mr.  Babcock — The  action  of  surfaces  of  different  materials  rub- 
bing together  under  steam  pressure,  I  think  ought  to  be  consid- 
ered. It  is  quite  common  in  this  country  to-day  to  use  cast-iron  on 
cast-iron,  but  it  is  not  uncommon  in  this  day  to  find  engineers 
using  brass  piston  rings,  and  even  in  some  cases  brass  valves. 
I  do  not  know  that  any  one  has  published  any  information  in  regard 
to  the  action  of  such  surfaces  under  steam.     But  some  ten  vears  or 
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more  ago,  in  making  some  experiments  on  this  subject,  I  found  that 
there  was  a  very  market!  difference ;  that  the  friction  of  brass  upon 
iron  under  steam  was  exactly  the  opposite  in  its  results  from  what 
it  was  when  they  were  put  together  under  ordinary  lubrication. 
Instead  of  reducing  the  friction  it  vastly  increased  it.  The  friction 
of  brass  upon  iron,  under  steam  pressure,  is  double  that  of  iron 
upon  iron. 

Mr.  Woodbury — I  could  not  see  by  the  drawing  that  there  was  any 
packing  on  the  piston. 

Prof.  Sioeet — We  use  small  rings  sprung  in  grooves. 

Prof.  Thurston— There  were  two  or  three  points  which  I  no 
ticed,  as  this  paper  was  being  read,  in  regard  to  which  I  wish  to 
ask  some  questions,  with  the  view  of  suggesting  a  line  of  debate. 
The  writer  opened  his  paper  with  a  statement  that  he  would  rather 
secure  an  economy  of  ten  per  cent,  friction,  than  of  ten  per  cent, 
steam.  I  saw  some  time  ago  some  statistics  of  locomotive  expenses, 
which  I  have  not  with  me,  but  which,  as  nearly  as  I  can  remem- 
ber, were  as  follows  :  The  running  expenses  of  the  engine  were 
seventeen  cents  per  train  mile.  Of  the  seventeen  cents,  three 
and  one-half  cents  only  went  for  fuel;  six  and  one-half  cents  went 
for  cost  of  attendance,  including  the  engineer,  his  firemen  and  clean- 
ers, and  three  and  one-half  cents  more  were  for  the  miscellaneous 
expenses  incurred  in  the  shop,  the  remaining  item  being  cost  of 
repairs.  And  it  occurred  to  me,  that  possibly  that  distribution 
of  expenses  might  indicate  a  direction  in  which  we  are  to  look  for 
economy.  In  considering  economy  in  the  handling  of  steam  engines, 
we  have  usually  forgotten  the  fact  that  economy  of  steam  and  econ- 
omy of  fuel  are  by  no  means  the  most  important  of  all  economies, 
and  the  measures,  in  the  direction  of  economy,  taken  by  railroads, 
point  to  this  fact ;  the  doubling  of  the  work  of  engines — keeping 
them  running  day  and  night,  seems  to  indicate  that  this  matter 
of  the  economy  of  fuel  is  a  matter  that  is  not  of  primary  im- 
portance. At  least,  it  is  not  the  matter  to  which  we  are  looking 
to-day,  but  towards  decreasing  friction,  decreased  cost  for  repairs 
and  decreased  expenses  in  a  thousand-and-one  other  directions  which 
would  go  to  make  up  the  other  portion  of  the  seventeen  cents.  I 
thought  that  would  perhaps  suggest  a  line  of  argument.  I  also 
wish  to  ask  Prof.  Sweet  how  he  secured  himself  against  the  tendency 
of  the  two  parts  of  his  counter  balance  to  spring  the  shaft. 

Prof.  Sweet — They  spring  the  shaft  to  a  less  extent  than  if  the 
wheels  were  outside.  If  you  put  counter-weights  in  the  two  wheels 
to  equal  the  weight  of  the  recijjrocating  parts,  and  the  wheels  out- 
side the  frame,  the  inertia  of  the  reciprocating  parts  acting  in  one 
direction,  and  the  centrifugal   force  of   the  counter-weight  acting 
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opposite,  both  tend  to  bend  the  shaft  in  the  boxes  ;  whereas,  if  the 
wheels  are  inside  the  frame,  the  two  forces  neutralize  each  other, 
or,  at  least,  their  lever  arm  is  greatly  reduced. 

Prof.  Thurston — I  was  at  one  time  in  charge  of  a  heavy  engine 
in  which  there  was  an  overhanging  crank,  and  although  the  engine 
was  designed  by  one  of  the  most  distinguished  engineers  in  the 
country,  and  was  carefully  run.  it  was  found  impossible  to  keep  the 
journal  cool.  Nor  could  we  get  a  journal  under  that  shaft  that 
would  obviate  the  difficulty  of  springing  the  shaft.  I  want  to  ask  a 
question  that  bears  upon  one  point  already  brought  up.  Prof. 
Sweet  has  not  had  difficulty  from  grit  getting  upon  the  piston  rod  1 

Prof.  Sweet — We  have  not  so  far. 

Prof.  Thurston — I  never  had  any  trouble,  in  my  own  experience, 
with  grit  on  rods. 

Prof.  Sweet — We  take  great  pains  in  getting  out  the  sand  from 
our  small  engines  before  we  start  them. 

Prof.  Thurston — I  did  not  understand  whether  the  Professor 
intended  simply  to  assert  that  the  longer  the  traverse  of  his  valve 
the  less  work  it  did. 

Prof.  Sweet — That  is  a  point  on  which  I  suppose  that  I  may  have 
to  defend  nryself.  I  have  come  to  that  conclusion  from  experiment- 
ing with  surface  plates.  If  you  take  one  surface  plate  and  lay  it 
upon  another,  and  move  it  a  small  distance  slowly,  it  will  only  work 
a  few  times  before  it  will  stick  and  bind.  If  you  keep  it  moving 
sufficiently  fast  and  run  it  a  long  distance,  it  will  run  all  right.  If 
slow  and  a  short  distance,  you  have  it  in  contact.  If  the  sur- 
face plates  be  kept  in  motion,  they  will  keep  apart.  If  they  traverse 
slowly  for  a  short  distance,  they  will  come  together. 

Prof.  Thurston — There  was  another  matter  that  seemed  to  me  of 
great  importance.  A  remark  was  made  that,  by  avoidance  of 
lead,  friction  could  be  avoided.  Eankine,  you  remember,  went  so 
far  as  to  say  that  the  advantage  of  a  compound  engine  was  very 
largely  due  to  the  avoidance  of  friction  on  the  crank  pin.  But  the 
avoidance  of  friction  on  the  crank  pin  is  effected  most  efficiently  by 
this  very  plan  of  avoiding  lead  and  using  compression. 

Prof.  Sweet — I  cannot  see  any  object  in  putting  an  intense  press- 
ure on  the  crank  pin,  for  about  ten  or  fifteen  degrees,  when  it  could 
not  produce  rotation  to  any  appreciable  extent.  I  suppose,  if  there 
was  no  pressure  there,  it  would  be  quite  as  well. 

Prof.  Robinson— In  regard  to  the  scoring,  if  we  take  into  consid- 
eration the  overhanging  crank,  it  strikes  me  that  the  scoring  of  the 
bearing,  near  the  crank,  can  avail  but  little,  from  the  fact  that  at  a 
distance  from  the  crank,  there  will  be  the  same  flexural  strain 
exerted,  although   there  may  be  a  slightly  greater  flexion  for  tin 
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quarter-inch  of  length  at  which  the  scoring  is  made,  there  will  be 
the  same  flexion  a  distance  away  from  the  crank — so  it  strikes  me, 
that  for  an  overhanging  crank  the  scoring  would  avail  but  little. 
With  a  crank  in  the  form  of  Prof.  Sweet's,  the  pressure  may  be 
transferred  to  the  other  side,  and  thus  give  us  some  relief. 

Mr.  Leavitt — In  regard  to  the  deleterious  effects  of  lead,  we  made 
an  experiment  with  a  change  of  an  inch  and  a  half  lead  on  a  piston. 
The  engine  from  being  an  entirely  smooth  running  engine,  ran  so 
badly  that  we  were  afraid  to  use  it  in  that  way,  and  after  running 
about  an  hour  we  changed  it.  The  object  of  putting  the  lead  on, 
was  to  get  an  early  cut-off.  It  was  necessary  to  have  a  certain  num- 
ber of  degrees  for  opening  and  closing  the  valve.  I  have  always 
supposed  that  in  cut-off  engines,  lead  was  a  disadvantage,  but  I 
never  had  so  palpable  a  cause  for  believing  so  as  in  this  instance. 

Mr.  Church — It  has  been  our  own  practice,  for  some  time,  to 
abandon  lead  altogether,  in  connection  with  condensing  engines. 
Obeying  the  older  practice,  it  seemed  policy,  when  an  engine  was 
inclined  to  pound,  to  increase  the  lead,  but  the  results  not  being 
encouraging,  we  tried  the  crude  experiment  of  reducing  the  lead  to 
zero,  and  finally,  passing  the  zero  point  and  obtaining  a  negative 
lead  of  a  certain  amount,  and  the  result  obtained  was  gratifying.  It 
is  a  matter  entirely  of  experiment,  but  I  might  say  that  the  nega- 
tive lead  would  vary  from  a  sixteenth  to  an  eighth  of  an  inch.  In- 
stead of  having  an  actual  lead  of  one-sixteenth  to  three-sixteenths 
of  an  inch,  we  find  it  advantageous  to  use  a  negative  lead,  and 
we  secure  perfect  running,  without  regard  to  speed  or  pressure. 

Mr.  Stirling — I  think  I  understand  that  Prof.  Sweet  applied  his 
plan  only  to  small  engines.  I  would  like  to  ask,  what  is  the  limit  to 
which  he  would  recommend  the  application  of  his  process  ?  What 
would  be  the  largest  engine  on  which  he  would  recommend  its  use  ? 

Prof.  Sweet — I  have  not  had  experience  with  anything  larger  than 
6  X 12,  and  I  should  go  on  step  by  step,  if  I  should  undertake  any- 
thing larger.  I  never  had  any  experience  in  running  massive 
engines  on  that  line  at  all.  My  experience  has  all  been  confined  to 
small  engines. 

Mr.  Leavitt—One  engine  that  I  recall,  that  was  built  in  1859, 
never  had  the  valve  seats  scraped  up,  and  the  engine  works  as  well 
apparently  as  when  first  put  in.  One  man  handles  the  valves  of 
both  cylinders  by  means  of  a  wheel,  which  gives  him  a  leverage  of 
three  to  one. 
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HIGH   RATIOS    OF   EXPANSION   AND    DISTRIBU- 
TION OF  UNEQUAL  PRESSURES  IN  SINGLE 
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BY    J.    C.    HOADLEY,    C.   E. 

Read  at  the  Annual  Meeting,  1880. 

Although  my  ultimate  theme,  as  will  appear  later,  is  the  compound 
engine,  the  first  part  of  my  remarks  may  seem  to  be  almost  irrele- 
vant, so  elementary  is  the  mode  of  elucidation  which  I  propose  to 
ado])t,  and  for  which  I  have  prepared  numerous  diagrams,  although 
circumstances  have  not  afforded  me  the  time  necessary  to  write  out 
my  ideas  as  embodied  in  the  drawings.  It  has  seemed  to  me  that 
the  considerations,  hitherto  taken  into  account  in  making  compari- 
sons between  the  performance  of  compound  engines  and  that  of  sin- 
gle cylinders,  fail  to  explain  in  a  satisfactory  manner  the  consid- 
erable advantage  which  generally  appears  in  favor  of  the  former,  not- 
withstanding the  obvious  increase  of  frictional  resistance  caused  by 
the  introduction  of  the  second  cylinder,  and  the  loss,  by  expansion 
between  the  cylinders  without  doing  work.  ■  That  such  a  preponder- 
ance of  advantage  generally  appears  will,  I  think,  be  admitted,  al- 
though in  a  few  instances  single  cylinders  have  closely  rivaled  the 
best  performance  of  compound  engines. 

Why  is  it,  then,  that  the  production  of  power  by  the  transforma- 
tion of  the  molecular  motion  of  heat  into  the  kinetic  energy  of  mov- 
ing masses,  through  the  expansive  force  of  steam  in  a  steam  engine, 
can  be  more  economically  conducted  in  two  cylinders  than  in  one, 
the  ratio  of  expansion  being  the  same  f  Dividing  the  fall  of  temper- 
ature between  the  boiler  and  condenser  is,  doubtless,  analagous  to 
the  introduction  of  a  separate  condenser.  Interjjosing  an  interme- 
diate temperature  of  200°  F.  between  the  300°  of  the  boiler  and  the 
100°  of  the  condenser,  serves  as  a  "  heat  trap  "  to  keep  the  low  tem- 
perature of  the  condenser  away  from  the  surfaces  which  have  to 
come  into  contact  with  high-pressure  steam.  This  is  a  true  cause, 
effective  as  far  as  it  goes,  but  falls  short,  as  it  seems  to  me,  of  fully  ac- 
counting for  the  observed  facts.     There  is  another  cause,  unnoticed 
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hitherto,  so  far  as  I  know,  although  vaguely  hinted  at  raider  the 
general  term  of  "  better  distribution  of  pressure,"  which  seems  to 
me  to  exert  no  little  influence,  and  to  deserve  more  attention  than 
has  been  bestowed  upon  it  hitherto.  In  order  to  make  my  meaning 
perfectly  clear,  I  will  go  rapidly  over  the  diagrams  here  exhibited, 
and  explain  the  transformations  they  undergo,  and  the  influence  of 
these  transformations  upon  the  useful  effect  of  the  horizontal  press- 
ure on  the  piston  of  a  horizontal  engine. 

Fig.  1. — Let  the  horizontal  medial  line  S  S,  represent  the  stroke 
of  a  piston,  and  let  the  circle  described  about  its  middle  point  repre- 
sent the  orbit  of  the  crank.  Let  the  height  S  A  S'  13,  from  this 
medial  line  to  the  top  of  the  figure  represent,  on  any  scale  whatever, 
uniform  effective  steam  pressure  upon  the  piston  during  a  forward 
stroke ;  and  let  the  equal  distance  from  the  same  line  downward  to 
the  bottom  of  the  figure  S  JB',  S'  A',  in  the  same  manner  represent 
the  uniform  effective  pressure  during  the  return  stroke. 

Draw  any  number  of  co-ordinates  to  the  medial  line — there  are 
nine  in  the  figure — -and  produce  them  beyond  the  circle  to  a  dis- 
tance equal  to  that  intercepted  between  the  circle  and  the  medial 
line,  that  is,  to  a  distance  equal  to  the  natural  sines  of  the  respective 
crank  angles,  radius  or  crank  being  taken  equal  to  unity.  Then,  a 
continuous  curve,  drawn  through  the  extremities  of  these  lines,  will 
be  an  ellipse,  of  which  the  major  axis  will  represent  twice  the  uni- 
form piston  pressure  throughout  the  stroke,  and  the  minor  axis,  half 
the  length  of  the  major  axis,  will  represent  the  stroke  of  the  piston. 

Then  will  the  area  of  this  ellipse  represent,  on  the  scale  of  press- 
ure adopted,  the  rotative  effect,  or  the  tangential  component  of  the 
horizontal  pressure,  equal  to  zero  at  the  beginning  and  end  of  the 
stroke,  and  to  unity  at  mid-stroke,  and  the  ratio  of  this  area  to  the 
area  of  the  parallelogram  will  equal  the  ratio  of  the  rotative  effect  to 

piston  pressure,  namely,  the  ratio  of  — to  unity,  or  about  78.5  per 

cent.  Supposing,  now,  this  circle  to  be  revolved  upon  the  medial 
line  as  an  axis,  through  one-fourth  of  a  revolution,  until  its  plane  is 
perpendicular  to  the  plane  of  the  paper,  and  the  ordinates  of  the 
ellipse  exterior  to  the  circle  to  be  erected  upon  the  medial  line.  We 
shall  then  have  our  ellipse  reduced  to  a  circle,  and  our  parallelogram 
to  a  square. 

Fig.  2.  Our  rotative  effect  is  now  represented  by  a  circle,  and  the 
piston  pressure  of  an  entire  revolution,  by  a  circumscribing  square  to 
this  circle ;  and  the  ratio  of  rotative  effect  to  piston  pressure,  as  be- 
fore, n  to  unity. 
T 
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Fig.  3.  We  have  hitherto  neglected  the  influence  of  the  angular 
vibration  of  the  connecting  rod,  as  if  it  remained  constantly  parallel 
to  the  axis  of  the  engine.  We  see  in  this  figure,  resembling  some- 
what the  horizontal  section  of  a  human  skull,  the  effect  of  a  connect- 
ing rod  of  a  length  five  and  one-third  times  the  length  of  the  crank. 
The  area  representing  the  rotative  effect  is  no  longer  a  circular  area, 
and  although  symmetrical  on  each  side  of  the  medial  line,  it  is  no 
longer  so,  if  divided  vertically  by  the  middle  ordinary,  since  more 
rotative  effect  appears  to  be  developed  in  the  portion  towards  S',  to 
the  right  of  the  middle  ordinate,  which  represents  the  end  of  the  cyl- 
inder farthest  from  the  crank,  than  in  the  other  end.  This  inequal- 
ity residts  from  the  unequal  velocity  of  the  piston  near  the  two  ends 
of  the  stroke,  which,  in  turn,  is  caused  by  the  angular  vibration  of 
the  connecting  rod. 

But  the  whole  area  of  this  unsymmetrieal  figure  is  equal  to  the 
arc  of  the  circle  in  Fig.  2,  and  notwithstanding  that  the  curve  trans- 
cends the  square  of  mid-stroke,  the  ratio  of  this  area  to  the  square, 
representing  piston  pressure,  remains  as  n  to  unity  as  at  first. 

T 

Fig.  4.  We  here  see  the  effect  of  the  inertia  of  the  reciprocating 
parts  in  modifying  the  horizontal  pressure  upon  the  crank  pin.  Still 
supposing  the  piston  pressure  to  be  uniform,  and  equal  on  any  scale 
whatever,  to  the  radius  of  our  circle,  and  assuming  that  the  weight 
and  velocity  of  the  reciprocating  parts  are  such  that  their  inertia  is 
just  equal  at  dead  center  to  the  piston  pressure,  one  square  of  pis- 
ton pressure  is  transformed  at  the  crank  pin  into  a  lozenge,  SC'/S'C, 
of  area  equal  to  the  square  ;  one  circle  of  rotative  effect  is  transformed 
into  the  curvilineate  figure  here  seen,  symmetrical  as  divided  by  the 

fine  of  stroke,  and  still  bearing  the  ratio  to  the  lozenge  of  -j- to  unity, 

since  every  ordinate  bears  the  same  ratio  to  the  whole  height  of  the 
lozenge  at  its  position,  that  the  line  at  the  same  position  bears  to 
radius  or  unity. 

Fig.  5.  We  here  see  a  further  modification  of  the  areas  under  con- 
sideration, by  the  vibratory  motion  of  the  connecting  rod.  The  top 
and  bottom  lines  are  no  longer  straight,  but  are  curves  of  peculiar 
character — alike,  but  disturbing  the  symmetry  of  our  areas,  to  pre- 
serve which,  one  of  the  fines  would  have  to  be  reversed.  But  the 
shaded  figure  SA  CS'  C S,  is  equal  to  the  square  of  Fig.  2  and  to  the 
lozenge  of  Fig.  4  ;  the  area  of  rotative  effect  is  still  equal  to  that  of 
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the  circle  of  Fig.  2,  and  their  ratio  still  remains  as  —. .  to  unity,  not- 
withstanding that  the  curves  of  rotative  effect  transcend,  at  and 
near  mid-stroke,  the  lines  of  horizontal  pressure  on  crank  pin. 
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Fig.  6.  I  now  introduce  a  very  ordinary  pair  of  indicator  dia- 
grams, just  such  as  any  ordinary  locomotive  or  other  link-motion 
engine  will  produce  any  day  when  in  good  order  and  working  with 
two  and  one-half  fold  expansion.  The  blank  space  which  serves  as 
a  background  is  bounded  at  the  bottom  by  the  vacuum  line,  at  the 
top  by  the  line  of  boiler  pressure,  and  at  the  ends  by  lines  represent- 
ing clearance  in  terms  of  stroke. 

These  diagrams  show  the  effect  of  wire-drawing  on  the  admission 
line — -of  early  release,  corresponding  to  compression,  upon  the  ex- 
pansion line,  and  of  compression  up  to  initial  pressure,  upon  the  ex- 
haust line.  So  ordinary  are  they,  that  some  master  mechanics  might 
be  tempted  to  adopt  the  vernacular,  and  style  them  "  'ornery."  But 
such  as  they  are,  just  such  diagrams  as  these  have  to  do  the  greater 
part  of  the  steam-engine  duty  of  the  world.  Let  us,  then,  see  what 
they  are  doing,  and  can  do.  A  scale  of  pressures  is  here  introduced  for 
the  first  time,  namely,  50  pounds  per  square  inch  to  one  inch  in  height. 
Boiler  pressure  is  130  pounds  above  atmosphere,  say  144.7  absolute  ; 
initial  pressure  is  105  pounds  above  the  atmosphere,  say  119.7  ab- 
solute, and  back  pressure  up  to  closure  of  exhaust,  16  pounds  ab- 
solute ;  and  including  compression,  17.91  pounds  absolute.  Cut-off 
takes  place  at  30  per  cent,  of  stroke  from  clearance  line,  or  at  about 
28  per  cent,  of  stroke  from  dead  center,  the  absolute  ratio  of  expan- 
sion is  3.3, — mid  stroke  pressure  is  50  lbs.  above  back  pressure,  ter- 
minal pressure,— expansion  supposed  to  be  continued  to  the  end, — 
36.11  pounds,  and  mean  effective  pressure  in  the  cylinder,  all  deduc- 
tions made  for  wire-drawing  and  early  exhaust,  52.25  pounds. 

Fig.  7.  The  diagrams  shown  in  the  preceding  figure,  are  here 
seen  enlarged  vertically  to  a  scale  of  20  pounds  per  square  inch  to 
one  inch  of  vertical  height,  or  two  and  one-half  times,  so  that  mid- 
stroke  pressure  is  now  equal  to  the  radius  of  our  circle.  The  forward 
and  return  stroke  diagrams  are  placed  base  to  base,  their  common 
base-line  being  their  respective  lines  of  back  pressure,  16  lbs.  above 
vacuum  line.     Compression  is  indicated  by  heavy  shading. 

We  have  here,  we  see  at  a  glance,  pretty  nearly  our  lozenge  of  Fig. 
4,  as  indicated  by  the  dotted  lines  &S',  C'S;  but  reversed,  the 
highest  pressure  being  at  the  beginning  of  each  stroke. 

It  will  be  observed,  however,  that  the  figure  formed  by  the  two 
diagrams  is  a  little  larger  than  the  lozenge.  This  is  because  com- 
pression is  not  only  a  deficiency  to  be  made  up,  but  also  a  resistance 
to  be  overcome.  Let  lis  now  see  what  effect  will  be  produced  upon 
this  approximate  lozenge  by  the  causes  which  so  greatly  modified 
our  square  of  uniform  pressure,  and  our  circle  of  rotative  effect. 

Fig.  8,  exhibits  all  the  lines  shown  on  the  five  succeeding  figures, 
and  the  auxiliary  lines  used  in  tracing  them,  introduced  for  refer- 
ence, but  not  requiring  special  comment. 
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Fig.  9.  Here  is  seen  the  effect  of  the  inertia  of  the  reciprocating 
parts, — reproducing  very  nearly  our  original  square  of  uniform  pis- 
ton pressure  ;  that  is,  the  same  cause  which  transformed  one  square 
to  a  lozenge,  now  re  transforms  our  approximate  reversed  lozenge 
back  to  almost  a  square. 

It  is  a  little  larger  than  the  square,  for  the  reason  already  ex- 
plained, namely,  to  compensate  for  the  resistance  of  compression, 
which  is  indicated  by  the  dark  shading. 

Fig.  10.  The  rotative  effect  on  the  crank-pin,  in  a  tangential  di- 
rection, is  seen  in  this  figure,  in  direct  comparison  with  the  square  of 
uniform  horizontal  pressure  A  B  A'  B',  darkly  shaded  around  it, 
save  where  portions  of  it  project  beyond. 

Fig.  11.  Here  this  same  rotative  effect  is  shown  in  direct  comparison 
with  the  circle  of  rotative  effect  due  to  uniform  pressure,  horizon- 
tally upon  the  crank  pin.  By  comparing  this  figure  with  the  last,  it 
will  be  seen  that  the  rotative  effect  produced  by  the  varying  piston 
pressure  of  these  diagrams,  is  more  nearly  uniform  than  would  be 
the  corresponding  effect  of  equal,  mean,  effective  pressure  uniformly 
exerted  upon  the  piston  throughout  the  entire  revolution. 

Fig  12  is  similar  to  Fig.  9,  but  is  modified  by  introducing  the  dis- 
turbing effect  of  the  angular  vibration  of  connecting  rod.  Notwith- 
standing the  slight  departure  from  symmetry  due  to  this  cause,  the 
approximation  to  the  original  square  A  B  A'  B',  is  quite  close,  and 
the  horizontal  pressure  on  the  crank  pin  is  still  nearly  uniform. 

Fig.  13  shows  the  rotative  effect  under  the  same  modifying  influ- 
ence of  the  vibration  of  the  connecting  rod,  in  direct  comparison  with 
both  the  square  of  uniform  horizontal  pressure,  and  the  circle  of 
rotative,  tangential  pressure  corresponding  thereto. 

Now,  before  applying  the  principles  here  illustrated  to  the  action 
of  steam  pressure  in  a  compound  engine,  let  us  see  what  such  a  pair 
of  ordinary  diagrams  would  be  capable  of  doing. 

Suppose  the  engine,  represented  in  action  by  them,  to  be  a  loco- 
motive engine,  with  cylinders  15J  inches  diameter  and  24  inches 
stroke,  piston  rod  2|  inches  diameter ;  the  mean  net  area  of  piston 
will  then  be  180  square  inches,  equal  to  1^  square  feet,  the  volume 
swept  through  by  a  single  piston  at  one  stroke  will  be  2£  cubic  feet, 
and  by  both  pistons  during  one  entire  revolution  of  tbe  driving 
wheels,  10  cubic  feet.  If  these  driving  wheels  be  5£  feet  diameter, 
and  if  the  speed  be  25  miles  per  hour,  the  rotatory  speed  will  be  125 
revolutions  per  minute,  and  the  piston  speed  500  feet  per  minute. 
Our  initial  pressure  is  104  pounds  above  atmosphere,  say  118.7  ab- 
solute ;  cut-off  is  at  28  per  cent,  of  the  stroke  from  dead  center,  termin- 
al pressure,  if  expansion  were  carried  to  the  end  of  stroke,  would 
be  36.11  pounds,  the  ratio  of  expansion  3.3,  mid-stroke  pressure  50 
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pounds ;  back  pressure,  exclusive  of  compression,  16  pounds,  and 
including  compression,  17.91  pounds;  and  mean  effective  pressure, 
all  allowances  made  for  wire  drawing,  early  release  and  compression, 
is  52.25  pounds. 

It  follows  that  the  indicated  power  of  both  cylinders  will  be  285 
horse  power.  The  quantity  of  steam  expended  per  hour,  compres- 
sion allowed  for,  will  be  6,120  pounds,  equal  to  21.4  pounds  per 
horse  power  per  hour  ;  and  allowing  for  steam  condensed  in  doing 
work,  624  pounds  per  hour,  we  shall,  have  a  total  of  6,762  pounds  per 
hour,  equal  to  23.7  pounds  per  horse  power  per  hour. 

This  is,  of  course,  a  very  good  result,  rarely  much  surpassed  by 
more  complicated  engines ;  and  it  is  due,  of  course,  to  the  assump- 
tion of  dry  steam.  "  Put  your  trust  in  God,"  said  Cromwell  to  his 
Ironsides,  "and  keep  your  powder  dry."  I  can  recommend  no  safer 
place  of  trust,  but  to  the  engineer  would  say,  "  By  all  means  keep 
your  steam  dry!" 

Returning  now  to  the  action  of  steam  in  a  cylinder,  with  ulti- 
mate reference  to  the  compound  engine  :  If  the  circle  in  Fig.  14  re- 
presents the  orbit  of  a  crank,  and  the  horizontal  diameter  88',  the 
stroke  of  a  piston  ;  and  if  the  square  be  taken  to  represent  uniform 
piston  pressure,  and  the  circle  the  corresponding  rotative  effect,  then 
will  the  diagonals  of  the  square  divide  the  revolution  of  the  crank 
into  quadrants,  two  of  which  may  be  called  mid-stroke  quadrants, 
and  the  other  two,  end  quadrants  ;  in  the  former  90.9  percent,  of  the 
pressure  is  rotative,  and  only  9.1  per  cent,  non-rotative  ;  in  the  latter 
only  48.7  per  cent,  is  rotative,  and  51.3  per  cent,  non-rotative,  Of 
the  whole  pressure  throughout  the  revolution,  64.3  per  cent,  in  mid- 
stroke  quadrants  is  rotative,  and  6.4  per  ceut.  non-rotative,  and  14.3 
per  cent,  in  end  quadrants  rotative,  and  15.0  per  cent,  non-rotative. 
These  results  which  are  geometrically  accurate,  as  far  as  the  third 
place  of  decimals  (tenths  of  one  per  cent.),  may  be  tabulated  thus: 


Mid-Stroke  Quadrants. 
End  Quadrants 


PARTS   IN   ONE   HUNDRED. 


Rotative. 


64.3 
14.3 


78  6 


Non- 
Rotative. 


6.4 
15.0 


21.4 


Total. 


70.7 
29.3 


100.0 


In  the  figure,  the  dark  shading  shows  the  non-rotative  pressure : 
the  light  shading  shows  the  rotative  effect  in  the  end  quadrants,  and 
the  white  space  shows  the  rotative  effect  in  the  mid-stroke  quadrants. 

Fig.  15  represents  the  above  ratios  by  the  relative  surface  of  the 
black  and  white  areas. 
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Fig.  16.  One-tenth  of  the  circular  area  of  rotative  effect  is  here 
covered  by  the  black  annulus,  the  white  space  within,  which  shows 
the  net  rotative  effect,  upon  the  assumption  that  Motional  resistance, 
per  pound  of  piston  pressure,  is  uniform  throughout  the  revolution, 
and  is  equal  to  10  per  cent,  of  the  indicated  power.* 

It  also  shows  the  relative  value  of  this  net  rotative  effect  in  the 
mid-stroke  quadrants  and  in  the  end  quadrants.  The  inequality  is 
now  greater  than  before.  Of  the  whole  net  rotative  effect,  85.2  per 
cent,  is  in  the  mid- stroke  quadrants,  and  only  14. 8  per  cent,  in  the 
end  quadrants.  Of  the  gross  rotative  effect,  76.7  per  cent,  is  usefully 
exerted  in  the  mid-stroke  quadrants,  13.3  per  cent,  in  the  end  quad- 
rants, and  10  per  cent,  is  consumed  in  friction,  about  equally  divided, 
ivpon  our  assumption,  among  all  the  quadrants.  Of  the  whole  power, 
as  estimated  by  steam  pressure,  multiplied  by  piston  area  and  by  pis- 
ton velocity,  29.3  per  cent,  is  expended  in  the  end  quadrants  in  pro- 
ducing 14.8  per  cent,  of  the  net  rotative  effect  and  in  overcoming 
one-half  of  the  friction,  and  70.7  per  cent,  is  expended  in  the  mid- 
stroke  quadrants  in  producing  85.2  per  cent,  of  the  net  rotative  effect 
and  in  overcoming  the.  other  half  of  the  friction.  Relatively  to  the 
power  developed  in  the  cylinder,  the  net  rotative  effect  is  2.4  times  as 
great  in  the  mid-stroke  quadrants  as  in  the  end  quadrants. 

But  this  is  upon  the  assumption  that  the  friction,  resulting  from 
steam  pressure  on  the  piston,  is  substantially  uniform  throughout 
each  entire  revolution.  Now,  this  resistance  is  probably  considerably 
greater  in  the  end  quadrants  than  in  the  mid-stroke  quadrants. 

Steam  pressure  on  the  piston  produces  frictional  resistance  at  four 
jslaees,  and  in  varying  degrees  in  each,  the  value  of  this  resistance, 
per  unit  of  pressure,  being  directly  as  the  velocity  of  the  frictional 
surfaces,  the  co-efficient  of  friction  being  assumed  to  be  uniform,  say, 
as  for  unctuous  surfaces,  8  per  cent. 

At  the  cross-head  pin  the  motion  is  small,  being  inversely  as  the 
length  of  connecting  rod  to  radius  of  cross-head  pin  ;  but  it  is  most 
rapid  at  dead  centers,  and  70  per  cent,  of  the  whole  motion  takes 
place  in  the  end  quadrants. 

On  the  slides,  the  pressure  is  reduced  from  piston  pressure  in  the 
ratio  of  crank  to  connecting  rod,  and  tbe  velocity  is  a  maximum  at 
mid-stroke,  70  per  cent,  of  the  motion  falling  within  the  mid-stroke 
quadrants. 

*  Rotary  motion  being  supposed  to  be  uniform,  pressure  on  piston  uniform,  and  frictional 
resistance  per  pound  of  pressure  also  uniform,  it  follows  that  the  piston,  moving  more 
slowly  near  the  dead  center,  will  require  longer  time  and  a  larger  arc  of  crank  motion  to 
develop  power  equal  to  frictional  resistance  than  at  mid-stroke.  It  is  believed  that  the 
black  circle — tile  area  covered  by  which,  bears  to  the  area  embraced  byits  outer  boundary, 
the  same  ratio  that  frictional  resistance  bears  to  tbe  total  rotative  effect — fairly  integrates 
the  result  of  these  conditions.  There  may  be,  I  admit,  some  fallacy  in  this,  but  I  don't  Bee 
it  if  there  is.  J.  C.  H. 
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The  crank-pin  moves  with  velocity  substantially  uniform,  in  a  path 
longer  than  the  piston  path,  in  the  ratio  of  one-half  to  unity,  say, 
57  per  cent,  longer. 

The  friction  here  is  uniform  per  unit  of  pressure,  and  varies  with 
varying  piston  pressure,  or,  strictly  speaking,  with  varying  horizontal 
pressure  on  the  crank-pin,  as  modified  by  the  inertia  of  the  recipro- 
cating parts.  It  is  much  greater  in  total  amount  in  the  end  quad- 
rants, with  any  considerable  degree  of  expansion,  and  the  inequality 
increases  with  the  ratio  of  expansion.  The  vertical  component  of  the 
inertia  of  the  connecting  rod  also  goes  to  augment  friction  on  the 
crank-pin. 

The  frictional  pressure  on  the  crank-shaft  is  a  resultant  of  the  hori- 
zontal pressure  acting  through  the  crank  at  a  varying  angle,  and  the 
weight  of  the  shaft,  balance  wheel,  etc.  On  account  of  the  consider- 
able diameter  of  the  crank-shaft,  the  velocity  of  its  surface  is,  in  short- 
stroke  engines,  generally  about  as  great  as  that  of  the  piston,  and 
frictional  resistance,  uniform  per  unit  of  pressure,  is,  in  fact,  greatest 
at  dead  center. 

With  uniform  pressure,  and  uniform  friction  per  unit  of  pressure, 
one-half  of  the  frictional  resistance  at  crank-pin  and  crank-shaft  jour- 
nals, falls  within  the  mid-stroke  quadrants,  and  the  other  half  within 
the  end  quadrants. 

After  some  consideration  of  the  above  elements  of  the  problem,  I 
am  almost  convinced  that  there  is,  in  all  actual  conditions  of  steam- 
engine  practice,  a  good  deal  more  frictional  resistance  in  the  end 
quadrants  ;  and,  with  very  high  ratios  of  expansion,  a  very  great  deal 
more.  I  have  not,  I  confess,  completely  worked  out  the  train  of  cal- 
culation necessary  to  verify  this  if  true,  or  to  refute  it  if  fallacious,  so 
that  I  am  not  prepared  to  present,  as  I  have  done  hitherto,  absolute 
numerical  results  which  cannot  be  attacked.  The  next  figure  (No. 
17)  is,  therefore,  presented  as  an  illustrative  diagram  of  a  probable 
relation,  and  not  as  a  geometric  representation  of  an  ascertained  fact. 

Fig.  17.  The  black  border  of  the  circle  representing  rotative  effect 
is,  as  in  Pig.  16,  equal  in  area  to  one-tenth  of  the  area  of  the  circle, 
which  forms  its  outer  boundary ;  but  its  greater  breadth  at  dead 
center,  and  its  diminished  breadth  at  mid-stroke,  representing  greater 
frictional  resistance  in  the  end  quadrants  and  less  in  the  mid-stroke 
quadrants,  reduce  the  white  area  within  the  border  to  an  ellipse  with 
its  major  axis  vertical,  to  represent  the  net  rotative  effect,  transmissi- 
ble beyond  the  crank  shaft.  Measured  by  the  planhneter,  this  area 
shows  that  eighty-seven  per  cent,  of  the  net  rotative  effect  is  pro- 
duced within  the  mid-stroke  quadrants,  and  only  thirteen  per  cent, 
within  the  end  quadrants ;  and  that  of  the  whole  power  developed  in 
the  cylinder  by  the  mean  effective  pressure,  sixty  one  per  cent,  is 
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rotative  effect  in  the  mid-stroke  quadrants,  and  nine  per  cent,  rotative 
effect  in  the  end  quadrants  ;  eight  per  cent,  frictional  resistance  over- 
come, and  twenty-two  per  cent,  is  non-rotative,  of  which  seven,  say, 
fifteen,  per  cent,  is  in  the  end  quadrants,  and  three,  say,  seven  per 
cent,  in  the  mid-stroke  quadrants. 

In  other  words,  say  thirty  per  cent,  of  the  indicated  power  is  ap- 
parently expended  in  the  end  quadrants  in  producing  nine  per  cent. 
of  net  rotative  effect,  and  six  per  cent,  in  overcoming  frictional  resist- 
ance, while  fifteen  per  cent,  is  non-rotative,  and  in  the  mid  stroke 
quadrants  seventy  per  cent,  of  the  indicated  power  is  apparently  ex- 
pended in  producing  sixty-one  per  cent,  of  net  rotative  effect,  and  in 
overcoming  three  per  cent,  of  frictional  resistance,  while  six  per  cent, 
is  non  rotative.     These  results  may  be  tabulated  thus  : 


PABTS  IN   ONE   HUNDRED. 

Net 
Rotative. 

Frictional 
Rotative. 

Non- 
Rolative. 

Total. 

9 

61 

6 
3 

15 
6 

30 

70 

Total 

70 

9 

21 

100 

Fig.  18.  In  this  figure  we  have  a  development  of  the  diagram,  Fig 
17,  on  a  cylindrical  envelope  of  the  crank-orbit. 

The  center  line  H  H'  here  represents  the  developed  path  of  the 
crank-jjin  during  one  stroke,  the  return  stroke  being  along  the  same 
path,  from  It'  to  H.  The  parallelogram  HAJiH'  represents  uniform 
horizontal  pressure  on  the  crank-pin  during  the  stroke  from  the  crank, 
and  the  equal  and  similar  parallelogram  Ji'  A'  _B'  A  represents  equal 
uniform  pressure  during  the  return  stroke. 

The  full  lines  across  the  shaded  space  indicate  the  eighteen  equal 
angular  intervals  of  10°,  passed  over  by  the  crank  in  equal  times. 
The  dotted  lines  across  the  whole  diagram,  but  most  conspicuous 
where  they  cross  the  white  central  space,  correspond  to  equal  inter- 
vals of  piston  motion,  and  are  numbered  1,  2,  3,  etc.,  above  the  axial 
line  for  the  forward  stroke,  and  below  it  for  the  return  stroke.  The 
tenth  of  stroke,  nearest  to  each  dead  center,  occupies  as  much  time 
as  the  three-tenths  nearest  to  mid-stroke ;  and  the  resistance  of  uni- 
form friction  on  crank-pin  and  on  crank-shaft  is  proportioned  to  the 
time — is  equal  for  equal  intervals  of  crank  motion,  irrespective  of  in- 
equalities of  piston  motion.  Work  done  by  the  steam,  on  the  con- 
trary, is  directly  proportioned  for  equal  and  uniform  pressure  to  the 
piston  speed ;  is  equal  for  equal  spaces  passed  over  by  the  piston  in 
equal  times,  quite  irrespective  of    varying  relative   crank   velocity. 
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Piston  speed,  as  usually  reckoned — the  length  of  stroke  in  feet  multi- 
plied by  the  number  of  strokes  per  minute,  giving  the  velocity  of 
piston  in  feet  per  minute — is  a  mean  velocity,  agreeing  with  the  actual 
velocity  only  at  two  instants  during  each  stroke.  Multiplied  into 
the  uniform  pressure  acting  on  the  area  of  the  piston,  it  gives  the 
power  correctly ;  but  multiplied  into  the  mean  pressure,  obtained 
by  integrating  the  widely-varying  pressures  of  a  diagram,  with  a 
high  ratio  of  expansion,  it  does  not  of  necessity  give  the  power  cor- 
rectly. 

A  familiar  example  of  the  fallacy  of  averaging  two  sets  of  co-or- 
dinates is  to  be  found  in  the  different  areas  of  the  two  sides  of  a 
piston.  The  area  of  cross- section  of  piston  rod  reduces  the  area  of 
the  side  nearest  to  the  crank  usually  almost  three  ]ier  cent.  It  is 
customary  in  crude  calculations  to  take  the  mean  area — that  is,  to  de- 
duct half  the  area  of  piston  rod  cross-section  from  the  area  of  cross- 
section  of  the  cylinder,  and  this  gives  a  correct  result  in  the  rare 
instances  when  the  mean  effective  pressure  is  equal  on  the  two  sides  ; 
in  all  other  cases  it  introduces  an  amount  of  error  proportioned  to 
the  inequality  of  mean  effective  pressure — an  error  often  quite  im- 
portant in  estimating  the  performance  of  an  engine.  Now  the  varia- 
tions of  pressure,  with  high  ratios  of  expansion,  are  very  great,  and 
it  cannot  be  a  matter  of  indifference  that  the  pressure  acting  on  the 
piston  half  the  time,  in  the  end  quadrants,  at  piston  speed  below  the 
mean,  is  much  above  the  mean  pressure :  while  the  pressure  acting 
on  the  piston  the  other  half  of  the  time  in  the  mid  stroke  quadrants, 
at  piston  sj^eed  above  the  mean,  is  below  the  mean  pressure. 

Nor  does  the  beautiful  and  important  action  of  inertia,  in  the  re- 
ciprocating parts,  altogether  remedy  this  inequality  of  pressure. 
Between  the  two  end  quadrants,  or  half  quadrants,  indeed,  it  may 
be  made  to  produce  substantial  equality,  and  between  the  mid-stroke 
quadrant  and  the  half  quadrant  at  the  ends,  the  inequalities  may  so 
be  greatly  reduced,  but  only  by  diminishing  the  pressure  on  the 
crank  at  one  end,  and  correspondingly  increasing  it  at  the  other 
end.  Between  the  two  ends  of  the  mid-stroke  quadrant,  too,  the 
pressure  may  be  completely  equalized  by  this  agency.  But  nothing 
can  be  transferred  from  the  high  initial  pressure  in  the  first  half 
quadrant,  to  the  lower  pressure  at  mid-stroke,  produced  by  high 
ratios  of  expansion.  This  figure,  18,  like  the  last,  of  which,  indeed, 
it  is  only  an  exemplification,  can  lay  no  claim  to  geometrical  accu- 
racy, and  leads  to  no  trustworthy  numerical  results.  The  tables 
which  follow  have,  therefore,  little  value,  but  are  inserted  as  only 
another  manner  of  presenting  the  substance  of  this  and  the  preced- 
ing diagram.  The  results  are  the  ratios  of  areas  by  planimeter 
measurement : 
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In  terms  of  the  whole  area  of  each 
Quadrant  : 


End  Quadrants 

Mid-stroke  Quadrants 

In  terms  of  the  area  of  whole-stroke 

End  Quadrants 

Mid-stroke  Quadrants 


PAKTS   IN   ONE   HUNDRED. 


Net       Frictional 

Rotative.     Rotative. 


20.5 
85.6 


10.3 
42.8 


Non- 
Rotative. 


Total. 


18.2 
5.4 


9.1 
2.7 


53.1 


61.3 
9.0 


30.6 
4.5 


100.0 
100.0 


50.0 
50.0 


Fig.  19.  This  represents  an  ideal  diagram  with  twelve-fold  expan- 
sion; initial  pressure,  P,  =  120  lbs.  +  atni. =134.7  absolute;  terminal 
pressure,  Ps=11.225  lbs.  abs.;  back  pressure  P3=2.7  lbs.  absolute. 

The  horizontal  pressure  on  the  piston  is  represented  by  the  hy- 
perbolic curve  PTV,  A",  P,^ ;  the  horizontal  pressure  on  the  crank 
pin,  by  the  line  P/,  AA",  P/^,  and  the  tangential  pressure  on 
the  crank  pin  by  the  line  S  A'  A"  S' . 

The  horizontal  pressure  on  the  crank  pin  is  exactly  the  same  as 
that  on  the  rnston  (no  account  being  here  taken  of  friction),  as  the 
pressure  is  distributed  upon  the  several  parts  of  the  stroke,  as  much 
being  added  to  the  last  half  of  the  diagram  of  piston  pressure  as  is 
taken  from  the  first  half,  upon  the  assumption  that  the  inertia  of  re- 
ciprocating parts  at  dead  center  is  equal  to  one  half  the  absolute 
initial  pressure=G7.35  lbs.  per  square  inch  of  piston  area.  The  ro- 
tative effect  is  nearly,  perhaps  exactly,  the  same  upon  the  crank 
pin,  whether  reckoned  from  the  horizontal  diagram  of  piston  or 
crank  pressure. 

The  slight  difference  of  2.5  per  cent.,  which  appears  in  the  sub- 
joined table  (25.93  and  2G.27),  may  result  from  some  slight  error  in 
my  numerical  calculations,  which  I  have  not  been  able  to  detect.  I 
see  no  reason  why  they  should  not  be  alike. 


First  0. 15  of  stroke 

0.15  to  0.50 

•  0.50  to  0.85 

0.85  to  1.00 

Both  ends.  0.15x2=0.30. 

Mid-stroke, 0.35  x  2-0.70 

Whole  stroke 

Whole  stroke,  mean .... 


TOTAL   HORIZONTAL 
PRESSURES. 


a 
o 

pu 

a 
O 

Effect  of 
Reciprocat- 
ing Parts. 

118.76 
38.62 
17.02 
12.16 

—57.24 
—33.57 

+33.58 
+57.25 

65.46 

2;.  s2 

0.00 
0.00 

39.11 

0.00 

39.11 

0.00 

=61.53 

15.05 

=40.60 

=  69.41 

65.46 

37.83 


TOTAL  ROTATIVE  EFFECT. 


50.77 

34.03 

15.70 

6.05 

28.41 

24.87 


'd'S  bo 

o  o  a 


;  o  * 


28.37 
13.61 
36.09 
33.12 

30.74 
24.85 

2G.62 

26.27 
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The  pressures  in  the  foregoing  table  are  all  absolute.  I  assume 
that  back  pressure  on  the  piston,  occasioned  by  pressure  in  the  con- 
denser, will  be  2.7  pounds.  This  must  be  subtracted  from  all  hori- 
zontal pressures,  and  a  due  proportion  of  it  from  all  rotative  press- 
ures, and  the  result  will  be  seen  in  the  next  table  : 


EFFECTIVE  HORIZONTAL 
PRESSURE. 

TOTAL  ROTATIVE  EFFECT. 

a 
o 

E 
a 
O 

O  v  ~> 

*»  °  s 

a 
u 
O 

a 
O 

Diagram 
Unmodifled. 

Modified  by 
Reciprocat- 
ing Parts. 

1                              2 

3 

4 

6 

First  0.15  of  stroke 

0.15  to  0.50 

0.50  to  0.85 

0.85  to  1.00 

Both  ends,  0.15x3=0.30. 
Mid-stroke,0.35x  3=0.70. 

116.06 
35.92 
14.32 
9.46 

62.76 
25.12 

36.41 

36.41 

—57.24 
—23.57 
+23.58 
+57.25 

58.84 
12.35 
37.90 
66.71 

62.76 
25.12 

36.41 

49.62 
31.65 
13.21 
4.71 

27  16 
22.44 

24.13 

24.59 

27.11 
11.17 
33.69 
31.83 

29.47 
22.43 

24.78 

36.41 

24.59 

It  will  not  be  overlooked  that  the  subtraction  of  a  constant  from 
variable  pressures,  changes  materially  their  mutual  proportions.  For 
example,  the  rotative  effect,  last  0.15  of  stroke,  unmodified  diagram, 
(fourth  column,  fourth  line),  is  reduced  no  less  than  twenty-two  per 
cent.,  while  that  in  the  first  0.15  of  stroke  (fourth  column,  first  line), 
is  reduced  only  2.2  per  cent.,  only  one-tenth  as  much  in  proportion 
to  its  magnitude. 

It  will  be  seen  by  a  conrparison  of  the  four  first  numbers  in  the  last 
column  of  the  foregoing  tables,  that  the  rotative  effect  of  the  first  and 
last  quadrants  is  pretty  nearly  equalized,  but  that  a  little  too  much  has 
been  transferred  from  the  first  part  of  the  stroke  to  the  last.  In  the 
mid  stroke,  considerably  too  much  has  been  transferred  from  the 
first  to  the  last  half.  Of  course,  the  remedy  is  to  give  less  value  to 
the  inertia  of  the  reciprocating  parts.  The  weight  of  these  parts 
can  only  be  varied  within  very  narrow  limits,  and  will  generally 
range  between  2.5  and  4.0  pounds  per  square  inch  of  cylinder  cross 
section.  But  the  speed  is  usually  determined  by  the  judgment  of 
the  engineer  or  designer  of  the  engine,  and  shoidd  be  carefully  ad- 
justed to  the  requirements  of  the  diagram. 

Clearance  and  compression  have  been  omitted,  to  avoid  needless 
complication. 
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Of  course,  both  have  their  importance,  but  their  introduction  here 
would,  it  is  thought,  only  tend  to  confuse. 

It  may  not  be  out  of  place  here  to  call  attention  to  the  relation  of 
the  area  representing  rotative  effect,  to  the  diagram  of  horizontal 
piston  pressure  upon  which  it  is  traced. 

Referring  to  Figs.  I — V,  it  was  correctly  stated  that  the  ratio  of 
the  area  of  rotative  effect  is  to  the  area  of  the  circumscribing  paral- 
lelogram,  square,  lozenge',  or  other  figure  representing  horizontal 

piston  pressure,  as— to  unity.     Yet  this  quantity,  say  0.7854,  (radius 
4 

or  crank  being  unity)  if  multiplied  by  the  mean  piston  pressure  and 
area,  and  by  the  velocity  of  the  crank,  will  give  a  result,  as  power, 
considerably  in  excess  of  the  true  result,  to  be  obtained  by  mul- 
tiplying the  effective  piston  pressure,  area  and  mean  velocity  con- 
tinuously together.     In  fact,  the  true  coefficient  of  rotative  effect  is 

^=0.63662,  instead  of^  =  0.7854. 
it  4 

The  reason  for  this  is,  that  the  area  is  to  be  obtained- by  inte- 
grating the  sines  of  angles  corresponding  to  equal  successive  differ- 
ences of  co-sines  {ds),  while  the  mean  rotative  pressure  is  to  be  ob- 
tained by  integrating  the  sines  corresponding  to  equal  successive 
differences  of  arc  (da). 

Fig.  25  illustrates  this.  The  arithmetical  mean  of  the  numbers 
representing  the  length  of  sines  at  .1,  .2,  .3,  etc.,  dividing  OS'  into 

ten  equal  parts,  will  give  0.7761,  which  differs  but  little  from  —  and 

would  agree  with  it  exactly  if  taken  at  infinitesimal  intervals.  On 
the  other  hand,  the  corresponding  mean  of  the  sines  of  the  equal 
angles,  9°,   18°,  27°,  etc.,  which   divide  the  arc   SC  into  ten  equal 

2 

parts,  will  give  0.6352,  a  still  closer  approximation  to — ,  with  which 

it  would  exactly  coincide  if  the  divisions  of  the  arc  were  sufficiently 
minute. 

It  follows,  then,  that  while  the  curves  of  rotative  effect  correctly 
represent  this  force  upon  the  diagram,  its  mean  value,  for  multiply- 
ing into  piston  area  and  crank  speed  to  obtain  the  power,  must  be 
found  by  multiplying  the  mean  effective  pressure  on  the  piston  by 
0.63662 :    or    by   dividing    it    by   the   reciprocal   of    that   number 

-q-=1.5708— the  ratio  which  crank  speed  bears  to  piston  speed. 

We  may  now  make  a  more  particular  application  of  the  foregoing 
principles  to  a  comparison  of  the  distribution  of  the  unequal  press- 
ures, resulting  from  high  ratios  of  expansion,  in  single  and  in  com- 
pound engines. 


14  HIGH    RATIOS    OF    EXPANSION    AND    DISTRIBUTION. 

Fig.  19.  This  figure  will  require  but  little  explanation.  It  repre- 
sents a  diagram  with  twelve-fold  exj>ansion,  from  134.7  pounds  ab- 

i  i 

solute  atP„  P1*'  to  11.225  pounds  at  P,™'  in  a  single  cylinder.    The 

j 
horizontal  pressure  P^,AA"  P^  1  '  and  the  tangential  pressure  SA' 
A" S',  are  determined  upon  the  assumption  that  the  weight  and 
velocity  of  the  reciprocating  parts  are  such  as  to  absorb  half  the 
absolute  initial  pressure  on  the  piston,  and  transfer  it  to  the  end  of 
the  stroke. 

This,  it  will  be  seen,  shows  much  more  than  half  the  work  done  in 
the  last  half  stroke ;  but  such  excess  might  be  reduced  to  any  de- 
sired extent  by  reducing  the  speed. 

The  double  vertical  lines  marked  45°  and  145°  about  fifteen  per 
cent,  from  each  end,  divide  the  mid-stroke  quadrant  from  the  two 
end  half  quadrants. 

Fig.  20.  The  same  initial  pressure,  ratio  of  expansion,  terminal 
pressure,  speed,  effect  of  reciprocating  parts,  and  rotative  effect  that 
we  saw  in  the  last  figure  carried  out  in  a  single  cylinder,  are  here 
shown  as  operating  in  a  compound  engine,  in  which  the  cylinder 
volumes  are  to  each  other  in  the  ratio  of  one  to  four.  Except  the 
effect  of  clearances,  compression,  early  release,  expansion  between 
cylinders,  and,  perhaps,  other  minor  causes  of  irregularity  or  loss, 
not  necessary  to  consider  here,  the  diagram  of  the  low-pressure 
cylinder  fills  the  space  occupied  by  back  pressure  in  the  high-pressure 
cylinder,  and  the  two  diagrams  produce,  with  twelve-fold  expansion, 
a  combined  diagram  with  three-fold  expansion.  Acting  with  a  net 
increase  of  effect  three-fold,  by  reason  of  the  net  increase  of  vol- 
ume, it  will  come  to  the  same  thing,  if  we  consider  the  stroke  and 
area  of  piston  equal,  and  the  mean  effective  pressure  in  the  low- 
pressure  cylinder  three  times  as  great  as  it  actually  is.  In  the  high- 
pressure  cylinder,  initial  pressure  being  134.7  pounds,  expansion 
three-fold,  and  terminal  pressure  44.9  pounds,  the  mean  absolute 
pressure  is  94.25  pounds.  In  the  low-pressure  cylinder,  the  initial 
pressure  is  44.9  pounds,  the  ratio  of  expansion  four,  terminal  press- 
ure, 11,225  pounds,  and  mean  total  pressure,  20.74.  As  this  latter 
is  the  back  pressure  in  the  high-pressure  cylinder,  the  mean  effective 
pressure  in  that  cylinder  is  94.25 — 20.74=73.51.     Now, 

— ^— — — " — ' =1.44,  so  that,  with  constant  stroke, 

94.25 

if  we  take  the -area  of  what  we  may  call  the  equivalent  cylinder,  1.44 
times  that  of  the  high-pressure  cylinder,  we  may  consider  the  whole 
expansion  precisely  as  if  it  all  took  place  in  such  equivalent  cylin- 
der, with  only  three-fold  expansion.  Of  course,  taking  back  press- 
ure in  low-pressure  cylinder,  clearance,   compression,  etc.,  into  con- 
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sideration,  would  change  the  above  numerical  values,  but  would  not 
affect  the  general  result. 

Fig.  21.  On  this  diagram,  the  same  initial  pressure  as  in  the  two 
preceding  figures,  is  shown  with  several  different  ratios  of  exjoansion, 
namely,  12,  4,  3,  2,  and  1.43,  or  the  reciprocal  of  0.7.  In  all  cases 
the  rotative  effect  follows  the  semi-ellipse  SabcdeS',  which  would 
become  a  semi-circle,  if  a  horizontal  scale  were  taken  which  would 
make  the  half  stroke   /S.5,  .55'  equal  to  initial  pressure  P,Pt-     The 

i         i 
expansion  curve  P^  Pt ,  is  the  same  as  the  corresponding  curve 
on  Pig.  20  ;  and  similar  curves  might  be  drawn  from  the  terminal 

points,  P,4,-Ps  ,  etc.,  of  the  other  curves.    The  dotted  lines  Sc'a'S", 

I      -V 
and  P.i\P„1'-,  show  the  rotative  effect  of  the  whole  twelve-fold  ex- 
pansion, in  the    "  equivalent  cylinder,"    on  a   base  one-fourth   the 
whole  length   of  the  diagram,  and  the  expansion  in  low-pressure 
cylinder  on  the  same  base. 

It  is  thought  that  this  diagram  exhibits  very  clearly  the  relation 
of  rotative  effect  to  horizontal  pressure  at  different  ratios  of  expan- 
sion. Effect  of  inertia  of  reciprocating  parts  is  omitted  to  avoid 
confusion. 

Fig.  22.  The  effective  high-pressure  diagram,  Fig.  20,  is  here 
treated,  by  itself,  as  the  forward-stroke  diagram,  and  the  corre- 
sponding low-pressure  diagram  multiplied  by  the  ratio  of  net  volume 
of  the  two  cylinders,  (three-fold),  is  taken  as  the  diagram  of  the  return 
stroke.  Of  course,  the  proportions  could  be  so  taken  as  to  make  the 
work  done  in  the  two  cylinders  equal,  when  the  ratio  of  the  "  equiv- 
alent "  cylinder  to  the  high-pressure  cylinder,  now  1.44,  would  be- 
come 1.5.  The  weight,  speed  and  modifying  effect  of  reciprocating 
parts,  are  all  taken  as  in  case  of  Fig.  19  and  Fig.  20.  * 

These  parts  are  supposed  to  be  solidly  united,  so  as  to  produce  a 
combined  effect,  equal  m  the  two  cylinders ;  but  when  reckoned  per 
square  inch  of  piston  area,  of  course,  inversely  as  the  res2Jective 
areas  of  the  two  pistons.  The  distribution  of  rotative  pressure  is, 
in  the  high-pressure  cylinder,  very  good,  but  a  little  more  transfer- 
ence from  the  first  to  the  last  part  of  the  stroke  would  be  advant- 
ageous. Wire-drawing  wovdd  certainly,  in  some  degree,  lower  the 
points  b,b'. 

In  the  low-pressure  cylinder,  the  pressure  transferred  is  a  little  too 
great.  Some  modification  of  proportions  would  improve  both  dia- 
grams ;  but  it  might  not  be  possible  to  combine  in  one  eDgine  the 
best  conceivable  result  in  each  cylinder.  The  lines  g  h  i,j  k  I,  show 
the  divisions  between  mid-stroke  and  end  quadrants. 

Fig.  23.  This  is  similar  to  Fig.  22,  but  with  the  ratio  of  volume 
in  the  two  cylinders  so  modified  as  to  make  the  power  developed  in 
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them  nearly  equal,  which  is,  probably,  the  best  arrangement.  The 
circle,  equal  in  radius  to  half-stroke  and  to  mid-stroke  pressure,  is 
introduced  for  reference. 

It  represents  rotative  effect  with  uniform  horizontal  pressure  on 
the  crank  pin  throughout  the  revolution. 

Fig.  24.  This  is  simply  Fig.  19  drawn  on  one-half  the  horizontal 
scale  (but  this  relation  may  be  changed  in  reducing),  and  re-dupli- 
cated, so  as  to  represent  an  entire  revolution.  It  therefore  corre- 
sponds, for  twelve-fold  expansion  in  a  single  cylinder,  with  Fig.  22  for 
two  cylinders  and  the  same  expansion. 

Figs.  21,  22,  23,  24  and  25,  are  in  further  elucidation  of  the  subject. 

This  article  has  grown  to  such  length,  in  spite  of  my  efforts  at  con- 
densation, that  I  am  compelled  to  suppress  much  that  might  serve  to 
clear  up  points  which  may  be  left  obscure.  The  best  result  I  can 
hope  for  from  this  communication  is  that  it  may  provoke  discussion, 
and  so  be  the  instrument,  however  humble,  of  eliciting  clearer  views 
of  truth. 


DISCUSSION. 

Mr.  Leavltt — Mr.  Hoadley  has  as  usual  gone  to  the  root  of  the 
subject,  and  I  have  been  exceedingly  interested  in  his  graphic  and 
lucid  method  of  treating  it. 

The  uniformity  of  rotative  effect  obtaining  with  the  compound 
system  was  strikingly  exhibited  by  some  exjjeriments  made  with  the 
Lynn  Pumping  Engine  in  1873.  While  making  some  repairs  on  the 
distributing  reservoir,  it  became  necessary  to  run  the  engine  con- 
tinuously, night  and  day,  for  several  months,  and  as  its  capacity 
largely  exceeded  the  requirements  of  city  supply  (when  run  at  full 
speed),  it  was  desirable  to  reduce  it  to  the  minimum  revolutions  at 
which  the  machine  would  turn  over.  The  fly-wheel  was  very  light 
for  an  engine  of  such  capacity,  and  had  been  designed  for  a  minimum 
speed  of  ten  revolutions  per  minute.  No  difficulty  was  experienced, 
however,  in  running  under  nine  revolutions  per  minute,  and,  if  I  re- 
member correctly,  the  engine  was  run  a  full  hour  as  low  as  eight 
revolutions  per  minute,  by  taking  care  to  keep  the  boiler  pressure 
uniform.  The  fly-wheel  was  therefore  fifty-six  per  cent,  more  efficient 
than  had  been  expected  from  the  most  careful  computations — which 
must  have  been  almost  entirely  due  to  the  uniform  effort  of  the 
steam,  as  applied  to  the  crank-pin.  It  was  observed,  also,  that  at 
the  regular  speed  of  eighteen  revolutions  per  minute,  with  steam 
expanding,  altogether,  fourteen  times,  the  uniformity  of  rotation  was 
sufficient  for  a  cotton  mill — the  eye  could  detect  no  change  in  the 
velocity  of  the  fly- wb  eel  rim  when  passing  the  centers. 
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By  the  use  of  two  cylinders  compounded,  the  leaks  of  the  high- 
pressure  valves  and  pistons  are  trapped  by  the  valves  and  piston  of 
the  low-pressure  cylinder,  so  that  the  leaking  steam  is  made  to  do 
useful  work.  Quite  a  percentage  of  the  economy  of  the  compoitnd 
engine  is,  I  think,  gained  in  this  way. 

We  have  at  the  Calumet  and  Hecla  Mine  a  remarkable  exemplifi- 
cation of  the  value  of  a  compound  engine  for  variable  loads.  It  has 
been  found  to  fill  the  bill  entirely  for  hoisting.  When  the  first 
engine  was  erected  for  this  purpose,  I  had  many  misgivings  as  to 
the  results  in  economy  as  compared  with  engines  driving  unif  orm 
loads,  and  was,  in  consequence,  unwilling  to  guarantee  that  the  per- 
formance of  the  engine  should  be  under  four  pounds  of  Briar  HOI 
coal  per  horse  power  per  hour  on  a  trial  of  one  week's  duration. 
The  trial  was  made  in  the  spring  of  1877,  and  the  actual  result  was 
the  production  of  a  horse  power  with  3£  pounds  of  coal  per  hour, 
on  an  evaporation  of  7  ffif  pounds  of  water  per  pound  of  coal  from 
and  at  212°.  Upwards  of  one  thousand  indicator  cards  were  taken 
on  this  trial,  and  the  power  varied  from  fifty  to  five  hundred  horses 
power,  with  an  average  of  two  hundred  horses  power,  which  average 
was  thirty  per  cent,  of  the  nominal  power  of  the  machine. 
On  this  trial  all  the  water  condensed  in  the  steam  jackets  was  meas- 
ured, and  the  amount  was  very  nearly  one-eighth  of  the  total  water 
pumped  into  the  boilers.  This  quantity  surprised  me  very  much,  as 
on  the  trials  of  the  Lowell  and  Lynn  punning  engines  the  exjserts 
had  carefully  measured  the  jacket  condensation  and  found  it  only  six 
per  cent,  of  the  feed  water,  which  surprised  them,  because  it  was  so 
small.  On  the  strength  of  the  Lowell  and  Lynn  tests,  it  seemed 
doubtful  as  to  whether  steam  jackets  were  of  much  value,  but  when 
it  was  found  that  a  fast-running  engine  condensed  double  the  steam 
in  its  jackets  that  the  slow-moving  pumping  engine  had  done,  it  was 
clear  that  its  jackets  were  highly  effective  under  the  conditions  pre- 
vailing during  the  trial.  The  economy  being  so  much  better  than 
was  expected,  the  cause  was  eagerly  sought  for,  and  we  could  only 
account  for  it  by  the  fact  that  the  low-pressure  cylinder  acted  as  a 
heat  trap.  During  the  excessive  steam  expansion  that  obtained 
when  the  engine  ran  light,  the  cards  from  the  low-pressure  cylinder 
were  not  much  more  than  a  single  line,  and  at  that  time  the  low- 
pressure  jacket  must  have  been  highly  efficient  in  drying  out  all  the 
moisture  that  came  into  it  with  the  exhaust  from  the  high-jn-essure 
cylinder,  and  this  dry  steam  did  not  carry  with  it  into  the  conden  ser 
a  tithe  of  the  heat  units  that  would  have  gone  there  if  the  high  press- 
ure exhaust  had  been  condensed  direct. 

A  jacket  experiment  was  subsequently  made  on  another  engine  at 
Calumet,  which  confirmed  the  results  above  described. 
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When  Mr.  Buel  made  the  test  of  the  Lawrence  pumping  engine 
for  Appleton's  Cyclopedia,  he  carefully  measured  the  condensation  of 
the  steam  jackets,  and  it  was  found  to  be  about  twelve  and  a  half 
per  cent,  of  the  total  evaporation  (actually  eleven  and  four-tenths 
per  cent.).  The  experiment  was  short,  but  absolute  as  the  results 
were  uniform.  Now,  if  we  compare  the  efficiency  of  the  steam 
jackets  of  the  fast-running  Calumet  engine  with  those  of  the 
Lawrence  engines,  we  find  that  the  former  did  nearly  double 
the  work  per  unit  of  surface  that  was  done  by  the  latter,  the 
cylinders  being  respectively  18"  and  36"  X  5'  for  the  hoisting  engine, 
and  18"  and  38"  X  8'  for  the  pumping  engine.  I  cannot  account 
for  the  greater  efficiency  in  the  one  case  over  the  other,  but  regard 
both  as  strong  testimony  in  favor  of  the  compound  engine. 

As  is  well-known,  there  are  two  prominent  types  of  compound 
engines.  First,  there  is  the  Woolf  engine,  in  which  the  cylinders 
have  a  direct  connection  from  one  to  the  other  by  the  shortest  and 
smallest  practicable  intermediate  passages  ;  and  secondly,  the  re- 
ceiver engine,  which  has  an  intermediate  chamber  of  large  capacity. 
I  had  always  supposed  that  there  was  no  question  that  the  Woolf 
engine,  if  properly  constructed,  was  by  far  the  most  economical  ma- 
chine. The  expansion  of  steam  in  an  intermediate  chamber  reduces 
its  pressure,  and  it  is  not  likely  (it  would  seem)  to  do  as  much  work 
as  it  would  if  admitted  to  the  low-pressure  cylinder  as  nearly  as 
possible,  at  the  same  pressure,  as  when  it  left  the  high-pressure 
cylinder. 

In  working  out  some  diagrams  from  the  Corliss  engine  at  Paw- 
tucket,  I  was  surprised  to  find  within  one  per  cent,  of  as  good  an 
effect  theoretically,  as  could  be  obtained  from  the  best  type  of  Woolf 
engine.  This  was  quite  a  poser,  because  in  ail  the  cards  from  marine 
receiver  engines  that  I  had  seen,  the  degree  of  economy  indicated 
was  far  below  that  of  the  Woolf  cards.  One  day  a  set  of  cards  from 
the  Pawtucket  engine  came  to  me,  which  showed  more  steam  in  the 
low  pressure  cylinder  than  had  come  out  of  the  high  (by  its  card). 
Tliis  was  a  conundrum — not  easily  solved.  Mr.  Corliss  had  not  at 
that  time  secured  his  patents,  and  all  the  mysteries  of  his  engine 
were  not  public.  I  supposed  that  he  must  have  admitted  steam  directly 
from  the  boiler  to  the  receiver.  It  came  out  after  awhile  that  the 
way  the  thing  was  done  was  to  take  the  condensed  steam  from  steam 
jackets  and  receiver  and  pass  it  through  a  coil  in  the  chimney,  after 
which  it  was  returned  to  the  receiver  in  the  form  of  super-heated 
steam.  The  result  being  that  not  only  the  high-pressure  card  with 
five  expansions  followed  Mariotte's  law,  but  the  low-pressure  card  as 
well,  with  four  expansions,  followed  a  similar  curve,  the  total  expan- 
sion being  twenty  times.      I  am   free  to  say   that  I  have  never  seen 
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any  cards  to  equal  these ;  also  that  Mr.  Corliss  has  exhibited  in  this 
engine  results  of  which  he  may  justly  feel  proud. 

The  compound  engine  has  a  decided  advantage  over  the  single 
cylinder  in  the  matter  of  clearances.  As  is  well-known  these  must 
be  reduced  to  a  minimum,  in  constructing  economical  single-cylinder 
engines,  and  at  their  smallest,  with  high  grades  of  expansion,  they 
occasion  a  serious  loss.  In  the  compound  the  high  pressure  clear- 
ance is  practically  divided  by  the  ratio  of  the  volumes  of  the  cylinders, 
and  becomes  anywhere  from  one-half  of  one  per  cent,  to  two  per  cent, 
of  the  volume  of  the  low-pressure  cylinder,  instead  of  from  two  to  eight 
per  cent,  of  the  same,  as  would  be  the  case  if  all  the  exjDansion  took 
place  in  one  cylinder — this  has  a  very  important  effect  in  estimating 
the  economy.  The  marine  type  of  receiver  engine,  built  as  it  is  with 
short  slide  valves  and  very  large  port  spaces,  yet  exhibiting  very  re- 
markable economy,  far  exceeding  in  the  long  run  that  of  the  best 
examples  of  long-stroked  early  cut-off  single  cylinder  engines.  All 
things  considered,  this  type  of  compound  is  as  desirable  as  any  that 
could  be  devised  for  the  service  that  it  has  to  perform.  It  certainly 
possesses  the  merit  of  simplicity  and  smooth  and  easy^ action  which 
is  a  desideratum  on  board  ship. 

Our  President  has  alluded  to  the  remarkable  economy  of  a  single 
cylinder  engine,  which  I  take  to  be  the  pumping  engine  at  St.  Maur, 
near  Paris.  I  do  not  see  why  we  cannot  do  as  well  in  this  country 
as  anywhere,  and  the  best  result  that  I  have  ever  seen  with  a  single 
cylinder,  steam-jacketed  engine,  was  twenty-one  pounds  of  feed  water 
per  horse  power  per  hour,  while  the  records  at  Calumet  show  that  a 
compound  engine  in  regular  service  will  run  with  sixteen  pounds 
per  horse  power  per  hour. 

Mr.  Hoadley — I  desire  to  occupy  the  attention  of  the  meeting 
only  a  few  moments,  to  disjnay  on  the  blackboard,  on  a  larger 
scale,  the  last  diagram  which  I  exhibited.  This  rerjresents,  in 
the  first  jnace,  a  single  cylinder  engine,  with  twelve-fold  exrjansion. 
This  heavy  line  is  the  line  of  back  pressure.  Tins  line,  EFGH, 
would  represent  the  actual  horizontal  pressure  upon  the  crank 
pin.  the  line  DCIJ  representing  the  horizontal  pressure  upon 
the  piston,  and  the  simultaneous  horizontal  pressure  on  the 
the  crank  pin  would  be  represented  by  this  other  curve.  The  great 
pressure  at  this  end  of  the  stroke  would  be  transferred  to  the  other 
end  of  the  stroke,  and  the  whole  pressure,  in  fact,  seesawing  about 
the  center  g.  These  double  lines  represent  the  points  of  15$  of  the 
stroke  at  each  end,  and  divide  the  end  quadrants  from  the  middle 
quadrants.  If  the  engine  be  compounded  the  expansion  may  be 
represented  as  taking  place  in  one  cylinder.  The  mean  press- 
ure   on    the     crank    pin,    under    the    same    condition,    is    repre- 
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sented  by  that  curve.  This  being  now  the  end  of  the  stroke 
of  the  high-pressure  cylinder;  and  this  line  representing  the  ex- 
pansion of  the  low-pressure  cylinder  reversed,  and  the  rota- 
tive effect  corresponding  to  that  would  be  something  like  that,  and 
the  proportion  of  the  rotative  effect  of  the  high  pressure  is  very 
much  increased  ;  all  that  being  useful  pressure,  that  is,  in  the  most 
useful  quadrants,  while  the  portion  in  the  end  quadrants  is  extremely 
small,  which  illustrates  the  point,  I  desire  to  make  a  little  more  fully 
than  my  small  diagram  can  have  done. 

Mr.  Woodbury — A.  few  years  ago,  while  working  on  some  engine 
tests  at  Lawrence,  one  of  the  engineers  wanted  to  measure  the  ve- 
locity of  the  crank  pin,  and  at  his  request  I  made  an  apparatus  which 
measured  the  velocity  of  the  crank  pin.  I  applied  that  to  the  Lynn 
engine  and  to  several  other  engines.  I  have  not  the  results  with 
me  and  so  speak  merely  from  memory,  but  I  am  positive  that  Mr. 
Leavitt  was  perfectly  correct  when  he  said  that  the  motion  of  the 
Lynn  engine  at  about  eighteen  revolutions  was  regular  enough  to 
run  a  cotton  mill.  I  measured  the  velocity  of  the  crank  pin  in  about 
one  hundred  parts  of  the  stroke,  and  the  time  of  the  whole  stroke  to 
about  one  eight-hundredth  of  a  second,  so  that  I  could  compare 
the  velocity  of  one  revolution  with  another.  In  that  way  I  de- 
termined the  efficiency  of  the  governors  in  some  engines — engines 
which  were  supposed  to  be  doing  a  uniform  amount  of  work; 
and  as  this  point  has  to  come  up,  perhaps,  at  some  future  meeting 
I  may  bring  some  of  my  data  with  me,  giving  the  results  of  some 
of  those  measurements  obtained  directly  from  the  crank  pin. 

Prof.  Hobi/ison — A  few  remarks  were  suggested  by  those  of  Mr. 
Leavitt,  which  I  was  in  hopes  he  would  touch  upon,  before  leaving, 
in  a  more  direct  manner.  Perhaps,  though,  the  remarks  I  would 
make  are  not  so  directly  upon  the  question  of  compound  engines  as 
you  might  wish  them  to  be ;  still  I  think  they  would  come  in  the 
line  of  argument  which  has  been  presented  by  Mr.  Leavitt.  The 
point  is  in  regard  to  wire  drawing.  Mr.  Leavitt  seems  to  notice  that 
in  the  compound  engine  having  a  receiver,  if  the  steam  be  passed 
through  a  superheating  apparatus,  it  is  very  much  improved  in  its 
condition  of  action  for  work  in  the  low-pressure  cylinder.  There 
can  be  no  doubt  as  to  that,  I  think.  Some  two  or  three  years 
ago,  if  not  a  little  longer,  I  saw  in  Van  Nostrand's  Magazine  a 
notice  of  the  performance  of  a  Worthington  engine,  which  was  so 
constructed  that  the  steam  was  exhausted  from  one  cylinder  into  a 
receiver.  The  low-pressure  being  larger  than  the  high-pressure  cyl- 
inder, there  was  necessarily  expansion  somewhere  between  the  steam 
in  the  first  cylinder,  and  that  in  the  second.  I  attempted  to  analyze 
that  engine  and  find  the  efficiency  of  it,  and  rather  doubting  at  the 
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start  that  there  could  be  the  gain  which  was  represented  for  the 
engine  in  that  form.  On  getting  at  the  query  as  to  the  condition  of 
the  steam  in  that  intermediate  receiver,  I  could  only  conclude  that 
it  was  in  effect  wire-drawn  by  the  exhaustion  from  the  high- 
pressure  cylinder  into  it.  It  is  a  well-known  fact  that  when 
steam  is  wire-drawn,  or  expanded  without  doing  work,  none  of 
the  intrinsic  energy  is  lost,  meaning  by  that  the  total  energy  in 
it  due  to  the  heat  contained  by  it  above  the  absolute  zero  of  heat. 
Of  course,  to  use  expanded  steam  in  a  high  pressure-cylinder,  there 
would  be  considerable  loss  due  to  the  expansion,  as  will  be  seen  from 
the  fact  that,  if  we  should  use  such  steamin  a  high-pressure  cylinder — 
if  it  were  expanded  to  atmospheric  pressure,  it  could  do  no  work. 
If,  however,  it  could  be  used  in  a  condensing  engine,  there  would  be 
recovered  at  least  a  large  part  of  this  intrinsic  energy.  Now,  we 
are  forced  to  the  conclusion  that  the  steam  in  this  intermediate  re- 
ceiver is  wire-drawn  thus,  and  the  energy  which  is  due  to  the  steam  at 
the  point  of  exhaustion,  is  retained,  a  large  part  of  that  being  util- 
ized,— a  much  larger  part  than  we  would  suppose  for  high-pressure 
engines, — and  by  that  means  it  was  possible  to  carry  the  duty  up  to  a 
high  point,  and  obtain  the  high  efficiency  which  was  announced  for  the 
Worthington  engine,  applying  that  same  principle  as  in  the  compound 
engine  in  general,  if  there  be  a  receiver.  Since  my  investigation  of  that 
case,  I  have  come  to  the  conclusion  that  the  receiver  is  no  serious  draw- 
back. There  would  be  a  slight  loss  due  to  the  expansion  into  the 
receiver,  which  would  depend  largely  upon  the  pressure  of  the  steam 
in  the  condenser — depend  nearly  altogether  upon  that,  so  that  we 
should  expect  that  the  compound  engine  with  a  receiver  would  work 
nearly  up  to  the  Woolf  type.  In  regard  to  the  steam  jacket,  though 
I  have  given  that  some  thought,  I  have  not  attenuated  any  quantita- 
tive results  from  computation.  I  think  unless  we  go  by  experiment 
altogether,  that  from  theoretical  views  there  is  a  chance  to  doubt  the 
efficiency  of  the  steam  jacket,  and  not  to  put  so  much  stress  upon  it 
as  is  put  upon  it  by  mechanical  engineers.  For  instance,  the  steam 
jacket  consumes  heat,  of  course.  The  heat  which  is  carried  into  the 
steam  jacket  and  given  up  from  that  to  the  steam,  goes  in  one  sense, 
or  at  least  part  of  it  goes  to  make  the  exhaust  steam  from  the  engine 
hotter ;  and  the  problem  in  the  solution  of  the  steam  engine  should 
be  to  reduce  the  steam  to  the  lowest  temperature  possible.  If  we 
could  reduce  the  temperature  to  absolute  zero,  of  course  we  should 
recover  all  the  work  which  has  been  put  into  the  steam,  and  some 
more  perhaps.  We  would  recover  all  that  we  put  into  it,  at  least  in 
the  steam  jacket.  In  one  sense  we  do  this  by  applying  the  steam 
jacket,  viz.  :  introduce  a  means  to  heat  the  exhaust  steam  above  the 
temperature  it  would  otherwise  have. 
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This  point  has  been  raised  by  a  German  writer,  and  since  my  no- 
tice of  that  I  have  given  it  some  further  thought,  but  have  not 
attempted  to  work  out  any  quantitative  results  for  comparison.  It 
seems  that  the  statement  of  Eankine,  in  his  work  on  the  Steam  Engine, 
goes  to  show  that  there  is  economy  in  the  steam  jacket,  and  it  may, 
perhaps,  be  accepted  on  that  authority,  although  he  does  not  give 
any  examples  to  show  in  particular  cases  an  increase  in  the  efficiency 
of  the  engine.  He  merely  states  it  in  general  terms.  The  supposi- 
tion must  be,  if  there  be  any  economy  in  the  steam  jacket,  that  the 
heat  communicated  from  the  steam  jacket  to  the  steam  is  more  effi- 
cient in  performing  work  than  the  heat  that  is  in  the  steam  itself, 
which  is  conveyed  into  the  cylinder.  I  can  see  no  other  conclusion 
from  it.  Although  the  exhaust  steam  is  hotter  than  before,  yet  this 
steam  has  been  performing  work  more  efficiently.  I  only  throw  out 
the  hint  as  the  German  writer  did,  or  rather  repeat  it  after  him, 
in  that  particular.  I  think  that  we  ought  to  examine  more  carefully 
into  the  steam  jacket  in  these  various  conditions  of  action.  I  think 
that  the  only  correct  way  to  solve  this  question  is  by  experiment.  I 
am  glad  to  see  any  notice  of  experiments  brought  forward  here  such 
as  Mr.  Leavitt  presented.  I  would  be  glad  to  see  those  published 
where  they  can  be  got  at  by  the  mechanical  engineering  profession 
generally. 

Prof.  Sweet — Although  the  title  of  Mr.  Hoadley's  paper  refers  to 
the  compound  engine,  I  understand  the  paper  itself  will  permit  us 
to  discuss  one  other  subject  which  is  pointed  out,  that  is  the  fric- 
tion on  the  journals  at  the  commencement  and  the  end  of  the 
stroke.  If  you  will  allow  me,  Mr.  President,  I  would  like  to  use  for 
a  moment  Mr.  Hoadley's  diagram. 

I  suppose  this  diagram  represents  pretty  accurately  what  the  best 
engine  builders  <  have  been  endeavoring  to  produce  with  their 
engines. — diagrams  with  square  corners,  with  the  exception  of  the 
compression  corner. 

Now,  I  have  been  of  the  opinion,  and  Mr.  Hoadley's  description 
last  night  confirmed  me  in  it,  that  that  is  not  the  best  diagram;  in 
other  words,  it  does  not  represent  the  best  results  obtainable  from 
the  engine. 

The  diagram  should  after  compression  come  forward  a  short  dis- 
tance— to  a  point  where  the  pressure  can  begin  to  produce  rotation 
— and  then  go  up  to  as  near  boiler  pressure  as  possible,  and  then  go 
forward  level  with  the  boiler  pressure  line  to  the  point  of  cut-off, 
then  expand  down,  not  to  the  end  of-  the  stroke,  but  to  some  point 
short  of  it,  and  exhaust.  We  should  then  have  an  engine  giving  better 
results  than  the  one  represented  by  the  diagram  Mr.  Hoadley  has 
given  us.  There  must  be  two  points  where  the  excessive  pressure 
does  more  harm  than  good  by  producing  friction  on  the  journals. 
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Mr.  Porter — On  the  subject  of  friction  at  the  commencement  and 
termination  of  the  stroke;  undoubtedly  the  friction  on  the  crank  pin 
is  then  excessive,  the  crank  pin  moving  at  right  angles  with  the 
direction  of  the  pressure,  and  also  the  friction  of  the  journal  in 
its  bearing  at  that  point  being  extreme ;  but,  at  the  same  time,  it 
seems  to  me  that  there  is  not  much  in  the  point,  and  I  will  try  to  state 
my  reasons  for  that  belief. 

The  admission  line  ad  may  be  a  curved  line,  so  that  by  the  time 
the  line  of  full  pressure  is  reached,  the  piston  may  have  advanced  to 
the  point  c. 

That  curve  might  be  extended  on  down  to  the  lower  part  of  the 
diagram,  and  then  you  would  have  the  crank  pin  relieved  very  much 
from  pressure  at  the  commencement  of  the  stroke.  But  the  quan- 
tity of  steam  admitted  to  the  cylinder  would  be  sufficient  to  fill  all 
the  space  which  the  piston  has  swept  through,  up  to  the  point  e,  and 
the  portion  represented  outside  the  curve  ac  would  have  done  no 
work.  The  curved  line,  which  we  will  suppose  to  be  the  line  ac,  will 
represent  the  commencement  of  the  diagram,  showing  the  work 
done,  but  the  steam  used  would  have  been  all  the  steam  which  would 
be  represented  by  the  parallelogram  adce. 

It  is  a  question  whether  the  work  done  between  the  vertical  line 
ad  and  the  curve  ac,  would  not  be  more  than  sufficient  to  overcome 
the  additional  friction  on  the  crank  pin.  I  fancy  that  it  is  a  very 
small  point  any  way,  whether  or  not  the  friction  be  suffered  and  the 
force  of  the  steam  be  admitted  to  overcome  that  friction. 

Of  course  I  think  the  engine  will  run  more  smoothly  by  admit- 
ting the  steam  in  a  gradual  manner,  so  that  a  slight  curve  is  made  by 
the  admission  line,  but  the  cutting  off  so  early  as  the  point  c  is  un- 
questionably quite  absurd  on  all  accounts  whatever,  both  in  respect  to 
the  distribution  of  the  friction  and  on  every  account  that  is  imagin- 
able. The  proper  point  of  cut-off  cannot  be  earlier  than  the  quar- 
ter of  the  stroke,  and  the  advantage  of  compounding  is  that  we  are 
able  to  get  eight  or  twelve  expansions  instead  of  four,  while  the 
rotative  effect  is  certainly  very  greatly  improved. 

In  marine  navigation,  a  very  important  point  in  favor  of  com- 
pound engines  is,  that  two  cylinders,  coupled  at  right  angles,  and 
each  cutting  off  at  about  half  the  stroke,  give  a  diagram  of  rotative 
effect  through  the  cranks  on  the  shaft  almost  uniform  through  the 
entire  revolution ;  and  that  is  a  point  of  very  great  importance,  as 
affecting  the  durability  of  the  engine  shaft.  And  as  that  is  the  tender 
point  in  all  marine  engineering,  which  marine  engineers  have  always 
in  view,  and  which  must  be  very  carefully  observed,  of  course,  that 
is  a  very  strong  argument  in  favor  of  compound  engines  at  sea ; 
and   it   will    be  observed  that  they  generally  permit  the   steam   to 
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follow  beyond  the  quarter  of  the  stroke,  so  far  as  the  point  of  cutoff 
can' be  discovered. 

Generally,  in  diagrams  from  marine  engines,  I  observe  that  that  is 
a  very  indefinite  point. 

I  would  like  to  ask  Mr.  Leavitt  one  question.  In  speaking  of  the 
communications  of  the  Woolf  engine — if  the  engines  stand  side  by 
side,  then  the  passage  must  be  from  one  end  of  one  cylinder  to  the 
ojsposite  end  of  the  other  cylinder,  and  if  one  is  above  the  other, 
then  there  is  one  short  passage  and  one  very  long  one. 

Mr.  Leavitt — That  is  so. 

Mr.  Porter — So  that  really  that  is  a  very  serious  objection  to  the 
"Woolf  engine,  and  if  I  understand  Mr.  Leavitt's  original  improve- 
ment in  the  Woolf  engine,  it  had  a  particular  reference  to  avoiding 
that  long  communication.  My  attention  has  been  called  lately  to 
the  fact  that,  in  a  great  many  diagrams  from  compound  engines,  the 
low-pressure  cylinder  will  not  account  for  more  than  half  the  steam 
the  high-pressure  cylinder  accounts  for.  It  has  disappeared  some- 
where, and,  probably,  it  is  all  condensed  between  the  two  cylinders. 
I  remember  in  1862,  I  was  shown,  in  London,  by  a  Mr.  Wenham,  an 
arrangement,  on  a  small  scale,  for  reheating  the  steam  between  the 
high  and  low-pressure  cylinders,  which  he  did  by  a  direct  application 
of  heat.     If  I  remember  right,  Mr.  Wenham  took  out  a  patent  for  it. 

It  has  been  shown  to  be  a  most  important  point  to  be  attained  in 
compounding,  and  by  attention  to  it,  I  have  no  doubt  that  very  excel- 
lent results  may  be  obtained.  I  am  glad  to  see  that  Mr.  Leavitt  is 
going  to  show  us  what  can  be  done. 

Mr.  Leavitt — I  should  like  to  say  a  word  in  regard  to  the  receiver. 
The  marine  engineers  at  first  made  very  large  receivers.  I  have 
seen  dozens  of  engines  where  the  receiver  was  not  less  than  eight 
times  the  caj:>acity  of  the  high  pressure  cylinder,  but  have  ob- 
served that  in  all  the  later  engines  the  size  is  very  steadily  being 
reduced,  so  that  in  the  "  Arizona  "  instead  of  having  the  high-pressure 
cylinders  envelojied  by  a  large  chamber,  there  aj^pears  to  be  no 
receiver  whatever  but  a  valve  chest,  and  in  very  fine  engines,  designed 
by  the  Messrs.  Napier,  the  receiver  consists  merely  of  an  enlarged  pipe 
between  the  high  and  low  pressure  cylinders,  and  it  is  said  the  reason 
for  abandoning  the  receivers  of  large  size  is  the  fact  of  their  very 
great  radiation,  and  this  loss  of  pressure  that  has  been  sjioken  of  by 
Mr.  Porter.  In  regard  to  the  use  of  reheaters  I  have  always  sup- 
posed that  to  be  the  invention  of  Mr.  E.  A.  Cowper  of  London. 
The  idea  first  came  to  me  through  him. 

Mr.  Faber  (lit  Faur — I  believe  attention  has  not  been  called  to  the 
three-cylinder  compound  engine  with  the  three  cylinders  standing 
side  by  side. 
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Mr.  Althans  who  was  on  the  jury  in  the  Exhibition  of  1876,  de- 
signed a  three-cylinder  engine  discharging  direct  from  the  top  of  one 
cylinder  into  the  top  of  the  other,  and  from  the  bottom  of  one  into 
the  bottom  of  the  other :  the  line  of  the  diagram  would  be  almost  a 
horizontal  line,  and  I  think  such  an  engine  would  be  well  adapted 
for  pumping  purposes. 

I  expect  a  letter  from  Mr.  Althans  as  to  the  test  of  his  machine  in 
a  short  time,  and  shall  put  it  before  the  Society  if  I  get  it. 

Mr.  Church — There  is  one  other  question  in  relation  to  com- 
pounding upon  which  I  desire  to  seek  information  from  the  authori- 
ties present.  It  is  assumed  that  sooner  or  later  compounding  will 
not  be  confined  to  the  narrow  field  of  marine  work,  or  to  pumping, 
but  will  seek  an  outlet  in  the  direction  of  manufactories.  Now  we 
have  had  occasion  to  discuss  the  question  of  the  uniformity  of  the 
rotation  of  the  crank  pin  per  stroke,  in  other  words,  the  constant 
tangential  effort  of  the  crank  pin  per  revolution. 

My  own  experience,  limited  as  it  is,  confirms  that  entirely,  but 
there  is  one  other  question  connected  with  the  idea  of  the  speed  of 
compound  engines,  and  it  is  this:  Under  available  load  will  they 
maintain  a  uniformity  of  speed  from  stroke  to  stroke  ?  To  illus- 
trate :  we  will  assume  that  we  have  a  compound  engine  of  four 
cylinders ;  we  first  charge  the  steam  into  the  high  pressure 
cylinder — into  the  first  cylinder,  and  that  steam  once  admitted  is 
beyond  control  any  further  by  the  governor.  It  passes  from  the 
first  to  the  second,  from  the  second  to  the  third,  from  the  third  to 
the  fourth,  and  from  that  to  the  condenser.  There  is  an  appreciably 
long  intei-val,  and  we  may  well  assume  that  under  certain  applica- 
tions, there  may  be  a  very  considerable  change  of  load  upon  this 
engine  from  the  time  the  steam  first  enters  and  commences  its  workj 
passing  beyond  the  control  of  the  governor  until  it  completes  its 
work.  My  question  is  simply :  Under  the  condition  of  a  rapidly  vari- 
able load  will  a  compound  engine  respond,  as  sensitively  and  as 
quickly,  to  those  conditions  as  a  single  engine  which  receives  the 
correction  of  the  governor  at  rapidly  recurring  intervals. 

Mr.  Leavitt — My  experience  is  that  the  compound  engine  is  a 
better  regulator  than  the  single  cylinder  engine  under  a  variable 
load.  We  find,  for  instance,  that  with  an  engine  where  we  throw  on 
nine-tenths  of  the  load  at  once,  that  the  regulation  is  very  uniform, 
indeed.  The  engine  would  probably  answer  to  run  a  cotton  mill.  I 
think  the  most  remarkable  example  we  have  of  the  efficiency  of  the 
compound  engine  is  in  Mr.  Worthington's  engine.  I  have  seen  an 
engine  at  Toronto  in  which  I  think  the  ratio  of  the  cylinders  was  four 
to  one,  which  was  making  its  full  stroke  under  a  very  heavy  press- 
ure.    I  should  like  to  hear  how  it  is  that  that  stroke  is  made. 
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Mr.  Worth iiu/ton — I  don't  like  to  guess  conundrums  before  such 
an  audience  as  this.  I  am  glad  to  say  that  the  engine  does  run  as 
Mr.  Leavitt  testifies.  The  reason  why,  I  suppose,  is  found  in  the 
fact  that  by  some  little  intermediate  contrivances,  the  propulsive 
energy  of  the  steam  is  taken  from  the  commencement  of  the  stroke 
and  held  until  the  last  part  of  it.  There  is  quite  an  expanding 
chamber  in  the  steam  chest,  and  in  the  large  pipes  thereto  con- 
nected, so  that  the  steam  pressure  is  rapidly  reduced  when  it  leaves 
the  first  cylinder  before  it  enters  the  second,  and.  as  you  will  see  by 
looking  at  the  diagram,  the  propulsion  is  practically  very  nearly  uni- 
form. 

There  is  a  falling  line  on  the  condenser  which  gets  to  its  maxi- 
mum at  the  end  of  the  stroke,  and  then,  with  one  or  two  other 
smaller  intermediate  appliances,  we  produce  the  necessary  effect  of 
having  a  uniform  propulsion  throughout  the  stroke. 

Any  one  who  knows  the  character  of  the  engine,  it  having  nothing  to 
depend  upon  but  absolute  pressure,  must  know  that  it  is  of  no  use 
to  accelerate  the  motion  at  the  commencement.  The  terminal 
efficiency  is  all  that  we  have  to  go  upon.  To  accelerate  the  motion 
at  the  commencement  is  to  cause  unnecessary  agitation  and  inequal- 
ity of  motion  ;  so  that  all  the  study  on  the  engine  is  to  keep  the 
propulsive  energy  almost  uniform,  which  we  do. 

I  commenced  my  investigation  many  years  ago,  endeavoring  to 
understand  the  crank  engine,  and  when  it  was  the  common  belief 
that  whatever  could  be  done  in  two  cylinders  could  be  done  in  one,  I 
endeavored  by  a  series  of  careful  experiments  to  ascertain  whether 
that  were  true  or  not.  My  conclusions  can  be  expressed  in  very  few 
words,  very  plain  and  practical,  perhaps  not  quite  refined  or  scientific 
enough  to  be  made  much  of.  But  they  amount  to  this  :  I  never  coidd 
see  that  anything  could  be  claimed  for  the  compound  'engine  which 
could  not  be  claimed  for  the  single  cylinder  engine  theoretically. 

I  think  that  any  figures  I  ever  could  apply  to  the  two  forms  of 
engine  indicated  the  same  amount  of  theoretical  ability,  with  the 
advantage  on  the  part  of  the  single  cylinder  of  very  much  less  fric- 
tion and  less  radiating  and  condensing  surface.  Then  I  made  two 
machines  which  were  as  nearly  alike  as  I  could  make  them,  starting 
out  with  the  idea  that  the  trouble  with  a  single  cylinder  engine  was 
that  the  expression  of  the  value  of  the  expansion  was  not  fully  met 
with,  by  a  flywheel,  which  was  not  completely  sympathetic  with  the 
varying  pressures  through  the  stroke.  In  other  words,  a  diagram, 
such  as  that  which  was  just  exhibited,  is  almost  percussive. 

The  flywheel  woidd  manifest  the  reception  of  an  increase  of  power 
by  an  increment  of  motion  that  should  correspond  to  that  given  out 
by  the  diminution  of  its  motion  :  to  answer  inequality  of  rotation 


HIGH    RATIOS    OF    EXPANSION    AND    DISTRIBUTION.  27 

by  unequal  velocity.  So  then  I  constructed  my  two  engines,  one  com- 
pound and  one  single  cylipdei',  and  I  had  a  dynamometer  that  was 
as  accurate  as  I  could  make  it,  and  my  engine  was  furnished  with  a 
set  of  fly-wheels  varying  in  weight  very  much,  and  it  was  quite  re- 
markable how  the  efficiency  of  the  simple  engine,  as  compared  with 
the  compound  type,  fell  away  as  the  weight  of  the  fly-wheel  in- 
creased. 

When  the  fly-wheel  was  light,  sympathetic,  willing  to  receive  an 
accession  of  power  by  an  acceleration  of  motion,  and  ready  to  give 
it  up  by  a  diminution  of  motion,  we  could  approximate  very  nearly 
the  result  that  we  accomplished  on  the  compound  engine.  That  was 
many  years  ago,  when  I  had  not  made  any  pumping  engine  or  any- 
thing else,  when  I  was  a  mere  student  in  the  department  of  steam. 
That  uniformity  of  motion  is  an  absolute  necessity  in  a  pumping 
machine. 

We  have  got  a  king  at  the  other  end  of  the  route,  who  has  .his 
rights  as  well  as  the  steam  engine,  and  he  refuses  to  be  accelerated 
and  slackened  at  the  will  of  the  varying  conditions  of  propulsion. 

The  motion  of  the  water  is  the  same  as  a  bar  of  iron  moving  out 
between  two  rolls,  and  it  should  be  so.  That  is  one  of  the  conditions 
precedent  to  proper  performance.  As  long  as  the  world  believed  that 
the  compound  engine  was  only  an  inferior  form  of  the  single  cylinder 
I  said  that  I  would  never  see  any  crank  engine  beat  my  engine  in 
duty,  and  I  wrote  that,  and  I  believed  it,  and  I  proved  it.  They 
would  iHit  the  most  refined,  expensive  gear  in  the  world  on  the  crank 
engine,  and  they  woidd  take  it  off  in  about  four  hours,  and  mighty 
glad  they  were  to  follow  to  the  end  of  the  stroke,  and  go  to 
bed  and  sleep  on  that.  The  moment  they  undertook  to  work  with 
high  expansion  they  pounded  their  engines  all  to  pieces,  and  the 
history  of  pumping  engines  of  that  day  was  a  history  of  self-destruc- 
tion. When  the  compound  engine  came  into  the  arena,  especially 
under  the  handling  of  Mr.  Leavitt,  I  knew  that  my  prestige  was 
handsomely  eclipsed.  The  compound  engine  is  the  way  to  get  a 
high  rate  of  expansion,  and  to  preserve  a  necessary  uniformity  of 
motion. 

The  dispute  is  between  my  engine,  now  at  less  price,  and  the 
compound  engine,  at  greater  price  and  greater  efficiency.  That  is 
my  experience  ;  and  in  using  the  tank,  which  I  did  many  years  ago, 
I  find  that  I  can  repeat  just  about  the  efficiency  of  the  first  cylinder 
which  that  will  exhaust  at  the  atmospheric  line,  and  will  give  the 
duty  due  to  high  pressure  steam.  It  is  an  arrangement  which,  I 
think,  is  very  efficient,  and  I  have  no  doubt  that  it  is  an  engine  enti- 
tled to  a  very  great  deal  of  respect  in  my  department. 

Mr.  Cotter — -If  Mr.  Leavitt  stated  the  area  of  his  piston  and  the 
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length  of  his  stroke,  I  did  not  understand  it  in  the  Lynn  engine. 
He  gave  us  the  revolutions,  but  he  did  not  give  us  the  length  of 
stroke ;  and  I  would  like  to  ask  him  a  question.  Supposing  that  I 
•want  to  put  such  an  engine  into  a  cotton  mill  developing  one 
hundred  and  fifty  horses  power,  could  I  do  it  cheaper,  con- 
sidering the  interest  of  the  money,  the  wear  and  tear,  etc., 
than  I  could  the  best  modern  type  of  single  cylinder  engines? 
The  question  was  asked  me  by  a  manufacturer  who  contemplates 
making  a  change,  as  his  neighbor  is  putting  in  a  compound 
engine.  I  frankly  told  him  I  did  not  think  it  was  so;  and 
I  would  like  to  hear  that  question  discussed ;  and  I  think  it  bears 
directly  on  what  we  want  to  know — that  is,  the  duty  of  the  com- 
pound engine  as  compared  with  the  single  cylinder  engine  from  one 
hundred  to  two  hundred  and  fifty  horses  power. 

Mr.  Leavitt — I  have  no  doubt  at  all  that  a  compound  engine 
to  do  the  same  work  will  be  the  cheapest  machine ;  but  there  is  a 
great  difference  between  mill  engineering  and  pumping  water.  In 
pumping  water  we  must  move  slow.  Mr.  Worthington  has  estab- 
lished that  beyoud  peradventure.  When  it  comes  to  mill  engineer- 
ing, we  have  got  in  our  teeth  a  high-speed  engine.  In  my  mind 
there  is  no  doubt  that  the  mill  engine  of  the  future  will  be  a  high- 
speed engine.  I  believe  that  in  taking  that  type  of  engine  and  com- 
pounding it,  there  will  be  a  handsome  interest  saved.  From  the 
very  best  construction  of  single- cylinder  engine,  the  best  results  that 
I  have  any  knowledge  of  are  not  less  than  21  lbs.  of  feed  water 
per  horse  power  per  hour  ;  and  I  know  from  practice  at  the  Calumet 
and  Hecla,  where  accurate  records  are  kept,  that  we  run  with  16  ft>s. 
of  feed  water  per  horse  power  per  hour. 

Mr.  Holhmay — I  wanted  to  say  one  word  as  to  the  receiver.  I 
am  very  glad  to  be  informed  of  the  progress  being  made  in  that 
direction.  I  confess  that  I  always  looked  upon  the  receiver  of  the 
compound  engine,  particularly  when  it  is  applied  to  marine  work,  as 
a  necessary  nuisance.  With  us,  on  the  lakes,  it  becomes  necessary 
to  start  and  stop  engines  very  rapidly,  owing  to  entering  so  many 
ports,  and  for  that  reason,  cranks  at  right  angles  are  desirable,  and 
cranks  at  right  angles  involve  a  receiver.  So  I  have  looked  upon  a 
receiver  as  being  necessary,  not  desirable ;  and  I  have  always 
thought  that  the  great  efficiency  of  Mr.  Leavitt's  engines  has  been 
due  to  the  fact  that  he  has  been  able  to  do  without  a  receiver.  My 
idea  is,  that  the  steam,  at  the  termination  of  the  high-pressure 
stroke,  is  at  its  best  condition  to  perform  work.  It  seemed  to  me 
that  the  arrangement  of  engine  which  should  bring  about  that 
result,  would  be  an  arrangement  which  would  produce  the  best 
mechanical  results.     Now  we  have  the  Woolf  type  of  engine,  and 
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in  an  earlier  construction  of  that  engine,  the  pipes  that  were  used 
to  convey  the  steam  from  the  high-jn-essure  to  the  low-pressure 
cylinder,  were  made  unusually  large,  perhaps.  It  has  been  found 
by  experience  that  the  reduction  of  the  size  of  those  pipes,  which 
conveyed  the  steam  from  the  upper  to  the  lower  cylinder,  has  added 
to  the  efficiency  of  the  engines.  I  have  in  my  mind  an  engine  in 
which  the  cranks  are  at  right  angles,  and  in  which  the  exhaust  steam, 
from  the  high-pressure  cylinder,  is  conveyed  quite  a  considerable 
distance  before  it  arrives  at  the  low-pressure  cylinder,  and  there  is 
upon  that  low-pressure  cylinder  a  cut-off  on  the  main  valve  ;  and  I 
do  not  know  what  value  there  is  to  that,  except  this  :  the  first  two 
or  three  exhausts  from  the  high-pressure  cylinder  are  lost.  So  it 
seems  to  me  that,  unless  the  new  arrangement,  which  I  am  glad  to 
know  of,  of  intermediate  heaters,  is  going  to  effect  some  wonderful 
changes,  that  principle  still  holds'  good,  that  we  must  use  the  steam 
directly  from  the  end  of  the  high  pressure  cylinder  into  the  low- 
pressure  cylinder. 

Mr.  Worthington — I  would  like  to  say  a  word  in  explanation  of 
my  remark  on  this  point.  I  used  the  intermediate  receiver  for  the 
sake  of  distributing  the  pressure  uniformly  throughout  the.  stroke. 
Instead  of  having,  say,  a  pressure  of  forty  pounds  at  the  commence- 
ment ;  and,  varying  as  the  piston  recedes,  I  would  take  it  at  twenty, 
and  it  would  be  nearly  uniform  throughout  the  stroke.  I  do  not  know 
how  it  might  be  on  a  crank  engine.  I  should  hesitate  long  before  I 
would  consider  it  there  a  necessary  appendage  ;  but  with  my  engine, 
it  is  only  an  expedient  for  getting  a  large  magazine,  that  the  cylin- 
der can  draw  from,  without  any  sensible  diniinution  in  its  pressure. 

Mr.  Holloway — I  speak  more  especially  of  marine  work.  I  can 
appreciate  its  necessity  in  the  sort  of  work  for  which  Mr.  "Worthing- 
ton uses  it.  I  can  understand  that,  in  moving  a  column  of  water, 
you  must  move  it  with  great  regularity. 

Mr.  Leavitt — The  Inman  line,  in  their  earlier  ships,  and  down  to 
a  recent  period — I  believe  the  "City  of  Berlin  "  is  the  last — used  the 
ordinary  two-cylinder  receiver  type  of  engine.  They  then,  for  some 
reason  which  I  never  heard  explained,  went  over  to  what  is  called 
the  tandem  engine,  and  in  their  new  steamer,  the  "  City  of  Rome," 
which  will  be  the  largest  vessel  afloat,  except  the  "  Great  Eastern," 
they  are  using  six  cylinders  of  the  tandem  type.  It,  probably,  has 
been  found  that  there  is  some  mechanical  reason  for  this,  but  this  is 
the  fact,  that  they  have  adopted  that  type  of  engine  for  one  of  the 
most  powerful  engines  in  the  world. 

Mr.  C.  E.  Emery — I  regret  that  I  did  not  hear  the  discussion  from 
its  beginning.  I  can  only  consider  the  paper  of  my  friend,  Mr.  Hoad- 
ley.     We  all  admire  the  facility  with  which  he  expresses  his  ideas, 
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we  admire  the  man  as  a  gentleman,  a  scholar  and  a  thorough  en- 
gineer, and  at  this  time  must  admire  the  skillful,  graphic  manner  in 
which  he  has  presented  a  series  of  cylinder  pressures  in  connection 
with  their  corresponding  rotative  efforts,  but  I  am  sorry  to  say,  that 
I  do  not  agree  with  him  as  to  the  very  great  value  of  friction  in  ex- 
plaining the  difference  between  the  compound  and  non-compound 
engine.  It  is  correct  to  a  certain  degree,  but  I  think  a  very  small 
degree.  At  the  time  the  piston  is  passing  the  center,  the  pressure 
upon  it  is  received  by  the  cross-head  pin,  crank  pin  and  main  bear- 
ing, but  any  losses  that  occur  are  not  caused  by  pressure  alone  ; 
they  are  those  due  to  the  work,  that  is,  to  the  pressure  moving 
through  distance, — so  many  pounds  moving  through  so  many  feet, — 
and  although  there  be  an  enormous  pressure  at  the  beginning  of 
the  stroke  there  will  be  no  loss  whatever  except  what  is  due  to  the 
motion  of  the  parts  under  that  pressure.  It  is  true  that,  in  passing 
the  center,  the  movements  of  the  surfaces  of  the  cross  head,  crank 
pin  and  main  journals  are  at  their  maximum,  but  the  heavy  pressure 
tests  but  a  portion  of  the  revolution,  so  the  power  lost  by  having  a 
large  pressure  at  the  beginning  of  the  stroke  is  but  a  small  portion 
of  the  total  loss  by  friction.  The  entire  friction  of  engines  of  f air 
size,  when  loaded,  I  have  found  to  be  only  six  to  eight  per  cent,  of 
the  total  load,  reaching  ten  per  cent,  and  upwards  only  with  small 
engines,  so  a  small  portion  of  this  small  percentage  is  insufficient  to 
account  for  the  gain  due  to  a  compound  engine,  which  is  fifteen  to 
twenty-five  per  cent. 

Again,  the  gain  is  found  to  exist  when  the  indicator  diagrams  of 
single  cylinder  and  compound  engines  are  compared  and  these  take 
no  account  of  the  friction  whatever. 

I  satisfied  myself,  twelve  years  ago,  what  the  principal  cause  of 
the  saving,  due  to  compounding  was,  and  wrote  an  article  on  the  sub- 
ject, which  was  published  several  times  during  the  succeeding  year. 
I  could  hardly  give  better  reasons  now  than  those  which  I  employed 
then,  though  the  same  points  have  been  discussed  since  very  many 
times  by  others.  The  experiments  made  at  that  time  seemed  to  me 
conclusive.  They  seem  to  prove  conclusively  now  that  a  point  men- 
tioned incidentally,  only  by  Mr.  Hoadley,  to  wit,  the  distribution  of 
the  difference  of  temperature  between  the  two  cylinders,  is  quite 
sufficient  to  account  for  the  gain  in  the  compound  engine.  It  arises 
in  this  way  :  In  an  ordinary  single,  cylinder  engine,  the  steam  in  the 
cylinder,  at  a  high  temperature,  is  cut  off,  and  expands  down  to  a  com- 
parative low  one,  and  then  still  lower  to  the  exhaust.  During  the 
expansive  portion  of  the  direct  stroke  and  the  entire  return  stroke, 
re-evaporation  takes  place,  cooling  the  metal  of  the  cylinder.  The 
first  action  of  the  re-entering  steam  is  then  entirely  a  thermal  one. 
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It  acts  to  raise  the  temperature  of  the  metal  in  the  cylinder  first,  and 
then  acts  dynamically  to  raise  the  pressure.  We  have  it  acting  first 
like  the  radiators  in  our  rooms  ;  the  large  volume  of  steam  necessa- 
rily condensed  to  re-heat  the  cylinder,  is  represented  by  a  mite  of 
water  ;  more  steam  enters  to  keep  up  the  pressure,  but  the  water  re- 
mains to  be  re-evaporated  during  the  expansion  and  return  stroke, 
and  all  the  heat  required  for  evaporation  while  the  exhaust  is  taking 
place  is  carried  away  and  lost,  and  must  be  re-supplied  from  incom- 
ing steam  during  the  next  stroke,  the  resulting  water  of  condensation 
intensifying  the  results,  until  equilibrium  is  attained,  when  the  limit 
of  the  capacity  of  the  interior  metal  surfaces  to  receive  and  transmit 
heat  to  and  from  the  steam  is  reached. 

To  test  the  loss  due  to  this  cause,  I  constructed  two  cylinders  of 
like  dimensions,  one  of  glass,  the  other  of  iron,  in  such  manner  that 
either  could  be  attached  to  a  valve  which  regularly  admitted  steam 
from  a  boiler  to  the  cylinder  and  permitted  its  exhaust  into  a  con- 
densing coil  lying  in  a  tub  of  water. 

The  capacities  of  the  two  cylinders  were  made  exactly  the  same, 
as  was  shown  by  transferring  water  from  one  to  the  other.  When 
put  in  turn  in  the  condition  of  a  steam-engine  cylinder,  the  iron  cyl- 
inder used  (averaging  the  experiments)  fully  twice  as  much  steam  as 
the  glass  one,  shown  by  the  fact  that  twice  the  quantity  of  water 
came  through  the  condensing  coil  for  the  same  number  of  movements 
of  the  valve.  Steam  of  the  same  pressure  was  used  in  both  cylinders 
and  the  experiments  were  many  times  repeated,  with  substantially 
the  same  results. 

This  showed  that  the  internal  cylinder  condensation  was  ample  to 
account  for  a  very  large  loss  of  efficiency  in  ordinary  single  cylinder 
engines. 

Some  of  the  difficulties  due  to  cylinder  condensation  become  evi- 
dent from  the  inspection  of  indicator  diagrams.  When  the  valves 
and  pistons  are  tight,  extraordinary  lead  is  required  to  get  the  cylin- 
der warm,  so  that  the  pressure  can  be  maintained,  and  then  the 
initial  pressure  is  frequently  low,  the  terminal  pressure  high  and  the 
vacuum  at  the  beginning  of  the  return  stroke  correspondingly  low. 
In  low-pressure  engines  the  cushion  line  is  irregular,  showing  a 
break  when  the  temperature  of  the  steam  rises  with  the  pressure 
higher  than  the  mean  temperature  of  the  metal  walls  of  the  cylin- 
der. 

Tyndall  points  out  that  the  aqueous  vapor  in  the  atmosphere  has 
seventy  times  the  absorptive  effect  of  dry  air.  In  a  steam  cylinder 
we  have  the  hot  metal  surfaces  surrounding,  for  a  large  part  of  the 
stroke,  a  mass  of  the  steam  at  a  lower  temperature,  chilled  almost  to 
cloudiness  by  the  performance  of  work,  and  the  causes  previously 
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mentioned.  Necessarily  a  transfer  of  heat  takes  place,  so  that  a  por- 
tion of  the  susjiendecl  water  again  takes  up  its  latent  heat,  cooling 
the  metal  surfaces,  which  latter  have  to  be  heated  by  the  reverse 
operation  when  live  steam  enters. 

Bankine  mentions  that  the  transfer  of  heat  from  a  radiator  to  an 
absorbent,  varies  as  the  square  of  the  difference  in  temperature. 
The  great  saving  made  by  the  compound  engine  I  considered  was 
due  to  the  fact  that  in  it  the  difference  of  temperature  between  the 
live  steam  and  the  metal  walls  cooled  by  the  exhaust,  was  divided  in 
two  parts,  so  that  the  condensation  woidd  be  as  one  squared  to  one- 
half  squared,  or  one-fourth  as  much  in  the  compound  engine  as  in 
the  single  engine,  or  about  one-third,  if  allowance  were  made  for 
the  increased  surface  in  the  former ;  so  if  the  condensation  in  the 
single  cylinder  were  one-half  the  whole  amount,  which  is  not  unu- 
sual, two-thirds  of  this,  or  one-third  of  the  whole,  approximately, 
should  be  saved  by  the  compound  engine. 

As  many  know,  I  have  made  a  large  number  of  experiments  to  de- 
termine practically  the  benefit  of  compound  engines,  of  which  three 
or  four  hundred  have  never  been  published.  But  there  were  some 
made  with  some  Government  steamers  that  were  published. 

I  had  three  vessels  of  the  same  size  to  be  fitted  with  machinery, 
and  I  applied  similar  boilers  and  propellers  in  each,  but  varied  the 
style  of  engine.  One  used  low  steam  and  had  a  simple  vertical  en- 
gine with  cylinder  of  large  diameter  and  short  stroke  ;  another  had 
longer  stroke  and  smaller  cylinder  for  carrying  high  pressure,  and 
the  third  had  a  fair  sample  of  a  compound  engine.  The  tests  of 
these  engines  showed  that  when  the  engineers  kept  up  the  pressure 
perfectly  in  single-cylinder  engines  of  that  class,  the  gain  by  com- 
pounding amounted  to  twelve  or  fifteen  per  cent.  only.  As  I  ex- 
plained, in  a  discussion  of  these  experiments,  published  in  "  Engineer- 
ing," "  The  Journal  of  the  Franklin  Institute,"  and  "The  Transactions 
of  the  American  Society  of  Civil  Engineers,"  in  the  early  part  of  the 
year  1875,  the  practical  gain  would  be  higher,  as  the  single  engine, 
used  with  high  expansion  is  troublesome  to  care  for,  and  the  engi- 
neer will,  despite  all  his  training,  reduce  his  pressure  in  order  to 
ease  his  engine,  and  he  will  lose  something  by  it;  and  that,  added 
to  what  the  real  difference  is  in  engines  of  that  class,  runs  the 
economy  in  practice  to  somewhere  in  the  neighborhood  of  twenty- 
five  per  cent. 

It  is  not  friction  itself  that  causes  loss  of  economy,  but  if  Mr. 
Hoadley  confined  himself  to  the  statement  that  the  friction  cause  1 
difficulties  which  impelled  the  engineer  to  reduce  his  expansion,  I 
woidd  agree  with  him.  On  this  subject  I  recall  a  story  told  by  Mr. 
Delamater,   a  well-known   steam-engine  manufacturer  in  this    city. 
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He  said  he  was  bound  to  make  an  engine  that  would  carry  seventy 
pounds  of  steam  on  the  jjiston  and  get  the  benefit  of  high  expan- 
sion, so  he  took  a  thirty-six-inch  cylinder  and  put  it  on  a  forty-two- 
inch  frame,  with  the  strength  of  a  forty-two-inch  engine  all  through. 
He  said  he  thought  then  the  engineers  would  keep  up  the  pressure, 
but  he  never  found  more  than  twenty -five  pounds  of  steam  used. 

Those  who  know  the  ropes,  know  we  can  force  the  engineers  to 
keep  up  the  pressure  with  compound  engines,  by  setting  the  cut-off 
on  the  first  cylinder  at  about  four-tenths,  so  that  steam  cannot  be 
carried  any  further.  Then,  that  is  full  stroke  for  the  engineer,  and 
in  order  to  get  his  speed  at  that  point  he  has  to  cany  fifty  pounds 
of  steam,  and  as  he  will  naturally  cut  down  a  little,  he  will  usually 
carry  sixty  pounds.  I  have  carried  out  the  same  jsrinciple  with  single 
engines.  This  is  the  kind  of  manceuvering  marine  engineers  are 
forced  to  resort  to  to  ensure  high-pressures  of  steam. 

In  making  the  latest  tests  I  had  enough  copies  ju-inted  to  supply 
all  the  different  societies  I  knew  of  at  that  time,  and  I  have  some  left, 
which  will  be  distributed.  If  there  are  not  enough  I  will  send  copies 
to  any  one  who  will  address  me  at  No.  16  Cortlandt  St. 

I  may  add,  that  the  steam-jacket  itself,  in  these  particular  eases, 
made  a  difference  of  some  ten  to  twelve  per  cent.,  so  that  there  was 
a  difference  of  twenty  per  cent,  between  the  single  engine  and  the 
double,  when  one  was  jacketed  and  the  other  was  not. 

There  is  one  point  more,  but  still  I  do  not  wish  to  take  up  too 
much  time  with  the  matter,  and  I  will  only  say  that  I  have  no  doubt 
personally  that,  make  a  single  engine  as  good  as  you  can,  reduce 
the  clearances  to  the  smallest  possible  limit,  and  get  the  best  result 
possible  that  you  can,  then  put  two  such  cylinders  together  and  ex- 
haust the  one  into  the  other,  you  will  get  substantially  the  same  dif- 
ference in  each  case,  as  has  been  pointed  out.  I  think  every  thing 
shows  that.  But  there  is  one  point  more.  Mr.  Leavitt  has  done 
some  remarkable  work  on  this  subject,  and  I  would  here  make  a 
comparison  that  I  did  in  my  Centennial  report. 

The  compound  engine  tested  in  the  Government  exjieriments  was 
a  short  stroke  engine  with  slide  valves  and  large  clearances.  One 
cylinder  was  twenty-four  inches  in  diameter  by  twenty-seven  inches 
stroke,  and  the  other  thirty-eight  by  twenty-seven — not  adapted  for 
best  economy.  They  were  built  to  go  down  in  the  hold  of  a  small 
revenue  cutter,  like  those  seen  on  the  coast,  one  of  which,  however, 
has  run  up  into  the  Arctic  ocean.  The  result,  as  you  will  see  in  the 
summary,  was  that  this  engine  required  18yYV  pounds  of  feed  water 
per  horse  power  per  hour.  In  my  Centennial  report  I  compared  that 
with  the  Lawrence  engine,  which  is  a  marvel  of  excellence  in  design. 
That  engine  has  long-stroke   small  cylinders,  producing  a  compara- 


34  HIGH   RATIOS   OF     EXPANSION    AND    DISTRIBUTION. 

tively  small  pressure  on  the  crank  pin,  and  getting  the  surfaces  of  the 
steam  jackets  nearer  to  the  body  of  the  steam.  The  engine  has  also 
very  small  clearances,  and  having  perfectly  tight  valves  and  pistons, 
and  the  steam  jackets  extending  perfectly  on  all  sides,  the  results 
were  probably  the  best  that  can  be  produced. 

The  larger  cylinder  of  the  Lawrence  engine  is  twenty-eight  inches 
in  diameter,  the  same  as  that  of  the  revenue  steamer,  but  the  stroke 
is  nine  feet.  I  reported  that  a  horse  power  per  hoiu-  was  obtained 
for  fourteen  pounds  of  feed  water,  but  it  turns  out  that  it  was  about 
sixteen.  Now  note  the  comparison.  The  little  revenue  steamer  en- 
gine, with  an  original  cost,  perhaps,  not  one-third  that  of  the  pump- 
ing engine,  developed  more  power  with  a  cost  in  fidl  proportioned 
only  as  16  to  18.38,  or  a  little  more  than  one-eighth  additional  for 
the  small  engine.  The  difference  would  pay  the  interest  on  the  dif- 
ference in  cost,  but  see  through  what  difficulties  we  must  go  to  im- 
prove the  steam  engine.  The  nearer  perfection  we  reach,  the  greater 
the  cost,  and  the  more  difficult  the  problem  becomes. 

Mr.  Webber — I  would  like  to  present  the  following  facts  :  The 
"  Gallia,  "  of  the  Cunard  line,  has  a  compound  engine  with  one  high- 
pressure  cylinder  and  two  low-pressure  cylinders.  They  give  lTVg 
pounds  of  coal  per  horse  power  per  hour  on  the  round  trip.  The 
"  Hudson  "  of  the  Cromwell  line,  which  has  a  single  engine,  makes 
a  round  trip  from  New  York  to  New  Orleans  on  1  ^W  pounds  of  coal 
per  horse  power  per  hour.  According  to  that  the  single  cylinder  is 
much  the  best. 

Mr.  Worthington — I  would  like  to  ask  Mr.  Emery  whether  his 
statement  that  the  gain  of  the  steam  jacket  is  ten  per  cent,  is  con- 
firmed by  any  other  standard  experiment. 

Mr.  Emery — I  found  it  simply  with  respect  to  the  single  engines 
named,  and  I  shovdd  expect  it  to  be  reduced  as  the  size  of  the  engine 
is  increased.  The  experiments  of  Mr.  Isherwood  in  Brooklyn,  showed 
a  gain  of  about  five  to  six  per  cent.  A  very  low  pressure  was  used 
in  a  very  large  cylinder,  if  I  recollect  right,  some  eighty  or  ninety 
inches  in  diameter.  There  is  less  gain  due  to  the  steam  jacket  on  the 
high-pressure  cylinder  of  a  compound  engine  than  on  the  low-press- 
ure, for  although  we  have  quite  a  large  fall  of  pressure  in  the  former, 
there  is  not  comparatively  so  great  a  fall  of  temperature  as  there  is 
in  the  low,  and  the  re-evaporation  from  the  first  cylinder  makes  more 
steam  to  do  work  for  the  second.  I  think  that  the  plan  of  super- 
heating between  the  two  will  be  found  to  give  a  permanent  gain.  If, 
however,  we  get  the  cost  down  in  this  way  to  fourteen  pounds  of 
feed-water  per  horse-power  per  horn-,  we  will  have  reason  to  be  grati- 
fied. In  the  matter  of  the  English  steamer  "  Anthracite,"  which  used 
a  steam  pressure  of  four  hundred  pounds,  I  will  say  that  Mr.  Perkins 
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sent  me  a  letter  introducing  his  representative,  and  I  suggested  a 
trial  by  Naval  officers,  knowing  Mr.  Loring  at  the  Navy  Yard 
would  be  glad  to  take  hold  of  the  matter.  The  engine  on  trial  re- 
quired 21.64  pounds  of  feed  water  per  horse  power  per  hour,  much 
more  than  either  engine  referred  to  above.  A  better  result  would 
have  been  obtained  with  gaseous  coal,  but  when  we  raise  the  pressure 
of  steam  we  do  not  raise  its  temperature  proportionately,  conse- 
quently the  heat  is  not  there  to  make  an  enormous  expansion,;available 
to  any  very  much  greater  extent  than  it  is  with  lower  pressures.  The 
indications  are  that  we  are  over-doing  expansion,  that  less  would  be 
economical  even  in  the  best  engines. 

I  tried  to  get  my  friend  Leavitt  to  build  one  of  his  Sewage  engines, 
for  Boston,  with  smaller  cylinders  than  the  other,  to  settle  this  point, 
as  I  felt  sure  he  would  do  just  as  well  with  them. 

Mr.  Sterling — The  owners  and  the  engineer  of  the  line  to  which 
the  "  Hudson  "  belongs,  have  recently  built  a  steamer  for  their  line, 
and  they  have  not  put  in  a  single  cylinder  engine,  and,  I  understand, 
with  better  results. 

Mr.  Worthington — May  I  be  allowed  to  ask  the  gentleman  how 
those  results,  that  he  just  submitted  to  the  meeting,  were  obtained 
— whether  from  an  indicator  or  diagram  ? 

Mr.  Webber — The  results  were  published.  I  think  we  have  the 
publication  here.     I  believe  they  were  taken  from  indicators. 

Mr.  Worthington — That  is  the  way,  I  supposed,  in  which  they 
were  calculated,  and  having  had  a  great  deal  of  experience  in  adjust- 
ing engines,  I  am  prepared  to  say  that  we  have  got  to  look  pretty 
closely  by  indicators  before  we  can  take  their  showing.  I  know  of 
nothing  more  deceptive  than  an  indicator,  especially  in  unpracticed 
hands.  It  is  full  of  capers.  Its  indications  are  so  often  the  thick- 
ness of  a  line,  making  this  much  difference,  which,  as  Mr.  Emery  well 
says,  is  that  last  atom  we  are  trying  to  get.  It  is  like  the  last  mile 
of  a  steamer,  it  takes  the  same  power  as  the  preceding  miles.  I 
have  had  occasion  to  alter  my  conclusions  fifty  times,  when  they 
were  taken  from  indicators.  When  I  was  in  Boston,  Prof.  Whitta- 
ker  showed  me  a  balance  gauge,  and  then  showed  me  the  results  of 
tests  of  indicators.  I  was  ashamed  of  myself.  The  record  was  a  rec- 
ord of  constant  inaccuracy.  There  was  scarcely  an  indicator  there 
that  was  not  out  of  order.  There  is  not  one  indicator  in  a  hundred 
from  which  yoii  know  whether  you  are  working  steam  and  water  or 
steam  alone.  These  calculations,  based  upon  an  indication  of  the 
amount  of  water  put  into  the  boiler,  and  then  the  indication  of  the 
indicator,  have  got  to  be  taken  with  many  grains  of  salt.  If  the  in- 
dicator is  a  thing  upon  which  we  depend,  it  requires  to  be  put  into 
first-rate  hands,  and  when  on  a  steamer,  these  people  take  the  card 
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carelessly.  I  would  not  base  a  single  calculation  on  them,  contrary 
to  general  opinion. 

Mr.  Emery— We  who  have  frequently  done  testing  for  other  peo- 
ple, have  had  to  burst  many  bubbles.  Even  when  the  fuel  used  is 
accurately  stated,  parties  are  apt  to  reckon  the  economy  from  the 
maximum  power,  so  when  the  diagrams  are  taken  regularly  every 
fifteen  minutes  the  average  economical  results  are  much  lower  than 
those  generally  stated. 

Mr.  F.  TV.  Gordon — I  would  like  to  ask  Mr.  Worthington,  in  con- 
nection with  this  matter,  if  he  used  the  high  pressure  cylinder  steam 
full  stroke,  as  he  does  in  the  pumps. 

Mr.   Worthington — Yes,  sir. 

Mr.  Gordon — You  obtained,  then,  three  per  cent,  saving  ? 

Mr.  Worthington — Well,  not  over  that.  I  would  not  like  to  tes- 
tify to  that,  if  I  could  help  it. 

Mr.  Gordon — I  would  like  to  ask  Mr.  Leavitt  if  the  new  steamer, 
•'City  of  Rome,"  which  has  six  cylinders,  has  a  large  receiver  between 
the  high  and  low-pressure  cylinders,  or  is  there  any  receiver '?  Has 
the  high-pressure  cylinder  any  cut-off? 

Mr.  Leavitt — No,  it  has  not  a  receiver,  but  there  is  a  cut-off  on 
the  high  pressure  cylinders. 

Mr.  Porter — I  have  occasionally  loaned  an  indicator,  and  I  never 
had  it  come  back  again  in  a  condition  fit  to  be  used  at  all.  It  had 
to  be  thoroughly  repaired  before  it  was  fit  to  take  a  diagram  with. 
Still,  it  had  been  used  in  that  condition,  and  the  diagrams  taken 
were  used  as  a  basis  of  calculation. 

Mr.  Leavitt — If  I  may  say  a  word  about  steam  jackets,  I  have  made 
a  great  many  experiments  with  them,  and  was  very  much  interested 
in  what  Mr.  Worthington  said  about  gain.  I  think  he  would  make 
a  greater  loss  than  three  per  cent.,  if  he  shut  his  jackets  off.  I  used 
to  shut  them  off,  and  the  fireman  would  come  and  want  to  know 
what  was  the  matter  as  he  could  not  keep  up  steam.  In  my  opinion, 
while  steam  is  expanding  from  twelve  to  fourteen  times,  the  jacket 
■efficiency  is  from  fifteen  to  twenty  per  cent.  I  think  the  experiments 
we  made  confirmed  that. 

Mr.  Worthington — I  think  they  may  be  larger,  but  then,  I  would 
use  the  jacket  as  a  matter  of  advantage  to  the  engine. 
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THE  VALUE  OF  THE  STUDY  OF  THE  MECHANICAL 
THEOR  Y  OF  HE  A  T. 

BY    ALFRED    R.    WOLFF,    M.    E. 

Read  at  the  Annual  Meeting,  1880. 

I. 

In  presenting  a  few  remarks  on  the  Value  of  the  Study  of  the  Me- 
chanical Theory  of  Heat,  I  am  imbued  with  the  knowledge  of  two 
facts :  of  the  importance  and  value  of  the  study  on  the  one  hand, 
and  of,  in  general,  a  lack  of  proper  appreciation  among  engineers  of 
this  point  on  the  other.  There  are  doubtless  few  among  educated 
engineers  who  would  not  admit  that  the  acquisition  of  any  form  of 
knowledge  is  of  value,  not  only  as  a  training  of  the  mind  but  as  an 
addition  to  our  understanding  of  the  laws  and  working  of  the  uni- 
verse ;  few  who  would  deny  that  the  study  of  literature,  of  social  or 
politico-economic  sciences,  would  be  of  benefit  to  them,  though  of 
limited  influence  in  the  practice  of  their  profession. 

From  personal  experience,  as  well  as  from  the  experience  of  oth 
I  am  led  to  believe  that  engineers,  as  a  class,  look  upon  the  knowledge 
of  the  mechanical  theory  of  heat  not  much  unlike  that  of  the  depart- 
ment of  "  belles-lettres,"  as  possibly  adding  to  refinement,  to  a  broader 
view  of  things  in  general,  to  a  fair  drilling  of  the  mind,  but  of  no 
practical  or  only  slight  practical  value  in  the  ordinary,  or  even  extra- 
ordinary, exercise  of  their  profession.  I  am  not  prepared  to  say  that, 
were  the  grounds  above  enumerated  the  only  ones  upon  which  the 
study  could  be  urged,  that  a  strong  argument  in  favor  of  its  more 
general  introduction  could  not  justly  be  maintained.  But  this  question 
does  not  arise  since  the  more  general  introduction  of  the  science  can 
be  presented   to   the   engineer   on  the  ground  of  direct,  practical 
utility,  for  the  purposes  of  correctly  appreciating  and  increasing  the 
efficiency  of  a  large  department  of  his  profession.      I  refer  to  that 
department  which  treats  of  the  transformation  of  the  latent  or  active 
forces  or  powers  of  nature,  into  a  form  suitable  for  application  as 
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motive  power  for  utilization  in  machinery  designed  to  do  the  desired 
special  work,  or,  in  other  words,  to  that  department  which  relates  to 
the  generation  of  the  working  fluid  or  motive  power,  and  the  work 
performed  by  the  medium  of  such  fluids  in  prime  movers.  It  is  on 
this  ground  that  I  would  urge  the  more  general  acquisition  of  the 
science  of  thermo-dynamics,  and  to  insure  conciseness  as  well  as  the 
ready  conception  of  my  views,  I  will  only  briefly  outline  the  thoughts, 
giving  as  it  were  their  direction,  and  leave  it  to  you  to  give  them 
force,  that  is,  to  develop  them  more  fully  as  your  own  understanding 
and  experience  will  best  suggest. 

Thermo-dynamics  or  the  Mechanical  Theory  of  Heat  is,  as  the  name 
implies,  the  science  of  the  laws  of  heat  considered  as  a  form  of 
energy.  It  is  based  upon  two  great,  general  laws,  the  one  that  all 
forms  of  energy  are  mutually  convertible  in  certain  exact,  invariable 
equivalents,  the  other  that  the  quantity  of  energy  in  a  homogeneous 
substance  is  equal  to  the  sum  of  the  energy  of  its  component  parts, 
and  that  equal  parts  of  a  homogeneous  substance  when  undergoing 
a  change  of,  or  exerting,  energy  undergo  like  changes,  and  exert  like 
effects.  The  application  of  these  two  fundamental  laws  of  energetics 
to  heat  constitute  the  determination  of  the  two  general  laws  of 
thermo-dynamics,  which  are  the  basis  of  the  whole  science,  and  of 
which  the  science  is  in  fact  but  an  extension  and  application  to  forms 
of  heat-energy,  latent  or  active,  met  with  in  nature  and  valuable  in 
practice.  For  after  all  what  is  theory  but  practice  reduced  to  a  con- 
nected system  of  laws  or  principles  ?  Without  facts,  without  phe- 
nomena, in  short,  without  practice  as  a  foundation,  how  could  theory 
ever  be  conceived  or  established  ?  In  ordinary  discussion  but  little 
attention  is  paid  to  the  distinction  between  theory  and  hypothesis, 
and  nothing  has  proved  more  disastrous  to  a  general  appreciation  of 
theory  than  the  repeated  misuse  of  the  term.  Theory  is  based  on 
fact,  hypothesis  on  speculation,  hypothesis  changes  to  theory  when 
speculation  changes  to  fact.  The  two  special  laws  of  thermo- 
dynamics, upon  which  the  whole  science  is  elaborated,  to  which  we 
refer  are :  that  heat  is  convertible  to  other  forms  of  energy  in  the 
relation  of  what  is  known  as  Joule's  equivalent,  that  is,  that  one 
thermal  unit  (the  quantity  of  heat  required  to  raise  one  pound  of 
water  at  39.4°  Fahr.,  one  degree  in  temperature)  is  equal  to  the 
energy  required  to  raise  seven  hundred  and  seventy-two  pounds  one 
foot,  or  that  seven  hundred  and  seventy-two  jjounds  falling  one  foot 
will  develop  sufficient  heat  to  raise  one  pound  of  water  at  its  greatest 
density  one  Fahrenheit  degree.  The  second  is  that  if  the  total  actual 
heat  of  a  homogeneous  and  uniformly  hot  body  undergoes  a  change  or 
exerts  energy,  equal  parts  of  the  body  will  undergo  equal  changes  and 
exert  like  effects,  the  sum  of  the  effects  of  the  component  parts  being 
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equal  to  the  total  effect.  This  law  is  more  popularly  identified  in  the 
form  of  Carnot's  theorem,  a  special  application  to  heat  engines,  that 

q  —  q      T  —  T 

- — —or — =— -  is  the  limit  of  efficiency  of  such  engines,  and  that  the 

test  of  a  perfect  engine  is  its  reversibility.  Here  q  and  T  represent 
respectively  the  quantity  of  heat  and  absolute  temperature  of  the 
(any)  fluid  when  leaving  the  generator,  and  q  and  T,,  respectively, 
the  quantity  of  heat  and  absolute  temperature  of  the  fluid  when 
given  off  the  refrigerator;  q— qt  when  entirely  converted  into  useful 
work  causing  the  engine  to  become  theoretically  perfect. 

The  above  outlines  the  foundation  and  framework  of  a  great 
science.  It  is  strong  and  simple,  and,  in  its  strength  and  simplicity, 
beautiful.  The  structure  and  superstructure  are  equally  strong,  , 
equally  beautiful,  but  not,  however,  equally  simple.  If  this  were 
the  case  there  woidd  be  little  need  of  the  presentation  of  papers  of 
this  kind,  for  the  great  value  of  the  science  would  be  universally 
acknowledged.  It  is  a  common  experience  that  the  mass  of  man- 
kind primarily  pronounce  that  which  is  difficult  to  attain  as  not 
worthy  of  attainment,  primarily  too  often  look  upon  those  who  have, 
mastered  the  difficult  with  scornful  or  doubting  eye,  until  the 
achievement  of  the  difficulty  by  the  few  has  brought  forward  such 
valuable  results,  such  striking  truths,  so  influences  the  ordinary  ex- 
periences and  our  conception  of  facts  in  nature  or  in  our  profes- 
sions, that  the  worthiness  and  value  of  the  attainment  can  no  longer 
be  denied  and  must  be  definitely  accepted.  That  point  has  now 
undeniably  been  reached  in  thermo-dynamics,  and  the  sooner  we 
concede  it  the  better.  The  sooner  we  admit  that  we  must  study  and 
explore  the  science  of  heat-energy  in  its  higher  form,  the  sooner 
will  we  advance  in  our  profession  and  contribute  to  its  progress.  It 
will  be  my  aim  to  recall  a  few  of  the  practical  applications  in  engi- 
neering of  the  principles  which  thermo-dynamics  has  established, 
and  thus  to  give  an  illustration,  or  rather  indication,  of  its  value. 
But  before  doing  so,  to  be  strictly  conscientious,  I  must  refer  to  the 
difficulties  to  be  met  with  in  the  study  in  its  higher  form.  Professor 
McCulloch  says  :  "Anyone  acquainted  with  only  the  elements  of 
analytical  geometry,  and  of  the  fluxional  calculus,  should  find  no 
difficulty  in  understanding  all  it  contains.  In  this  country,  however, 
scientific  education,  as  well  as  classical,  has  unfortunately  retro- 
graded, and  superficiality  is  the  fashion  of  the  day.  Hence,  some 
anxious  for  scientific  knowledge,  with  the  least  labor  and  in  the 
shortest  time,  imagine  it  might  be  well  in  scientific  literature  to  dis- 
pense with  the  calculus.  To  them  no  better  advice  can  be  given 
than  to  begin  by  studying  it  thoroughly,  if  they  would  reasonably  hope 
ever  to  comprehend  much  which  must  otherwise  be  unintelligible." 
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These  elements,  however,  must  be  firmly  fixed  in  the  mind,  and 
thermo-dynamics  may  justly  be  considered  a  thorough  test  of  such 
a  knowledge.  When  beginning  the  study  of  the  subject,  I  thought 
I  had  fairly  mastered  calculus ;  while  engaged  in  its  acquisition  I 
found  I  was  a  mere  novice,  and  such,  too,  has  been  the  experience 
of  a  few  of  my  friends  who  have  already  progressed  and  done  good 
work  in  the  science.  But  let  us  not  be  deterred  from  the  accpiisition 
of  I  valuable  subject  because  of  its  difficulty.  This  really  incites  a 
person  to  a  great  effort,  and  the  gratification  which  the  mastering  of 
an  important  point  gives  forms  an  incentive  to  further  advance, 
which  acts  more  potently  than  the  repulsive  part  of  the  difficulty. 
Lit  us  not  accept  the  valuable  principles  reached  without  making,  at 
least,  an  honest  effort  to  follow  the  masters  who  have  discovered 
them,  and  thus  make  the  principles,  in  reality,  our  own.  But  if  our 
comprehension  and  efforts  will  not  permit  us  to  do  this,  let  us  not 
cry  down  the  methods  by  which  they  were  attained,  and  let  us  study 
the  principles  themselves  thoroughly. 

There  is  a  wonderful  harmony  in  nature— without  it  all  scientific 
research  would  be  of  no  avail.  There  are  certain  great  invariable 
laws,  some  determined  and  many  more  not  yet  conceived,  but 
in  our  faith  in  and  knowledge  of  the  reliability  of  those  laws  exists 
the  only  safeguard  of  advance.  This  opens  up  that  large  realm  of 
reasoning  known  as  "  by  analogy,"  and  thus  enables  us  to  determine 
laws  which  are  not  directly  determinable  from  our  practical  experi- 
ences or  observed  phenomena.  Heat,  the  observed  and  usually 
acknowledged  primary  physical  source  of  all  energy  (though  gravi- 
tation might  on  some  good  grounds  be  selected  as  our  present  ulti- 
matum), beautifully  illustrates  this  harmony  when  considered  as 
energy,  and  thus  prescribes  laws  which  are  afterwards  verified  in 
practice,  and  to  which  practice  conforms  and  becomes  the  embodi- 
ment of.  This  is  the  strongest  plea  which  it  seems  to  me  can  be 
urged  for  the  careful  study  of  the  mechanical  theory  of  heat,  and 
we  will  attempt  to  point  out  some  of  the  work  which  has  been  done 
in  this  respect,  and  leave  it  to  your  judgment  to  decide  whether  a 
science  which  has  already  accomplished  so  much  is  not  capable, 
when  many  able  minds  are  devoted  to  its  study,  of  an  application 
and  extension  which  is  and  will  be  of  incomprehensible  value  in  the 
ordinary  practice  of  the  engineer,  and  which  will  greatly  contribute 
to  the  advance  of  mechanical  engineering. 

The  specific  heat  at  constant  pressure  of  any  permanent  gas  can 
be  ascertained  directly  by  experiment,  not  so  the  specific  heat  at 
constant  volume.  Regnault  has  made  accurate  determinations  of 
the  specific  heat  of  such  gases  at  constant  jjressure,  and  discovered 
certain  laws  relative  to  the  same,  that  the  specific  heat  of  such  a  gas 
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is  independent  of  its  temperature  and  density,  and  the  product  of 
the  density  and  the  specific  heat  is  the  same  constant  for  all  perma- 
nent gases.  From  the  velocity  of  sound,  independent  of  the  princi- 
ples of  thermo-dynamics,  the  specific  heat  at  constant  volume  for  a 
permanent  gas  can  be  determined,  and  these  two  quantities  when 
substituted  in  an  equation  of  the  theoretical  value  of  the  mechanical 
equivalent  of  heat,  expressed  as  a  function  of  the  pleasure,  volume, 
dilatability,  and  the  two  specific  heats  of  a  permanent  gas  give  for 
this  equivalent  a  theoretical  value  which  agrees  with  that  practically 
determined  by  Joule,  and  recently  verified  by  Professor  Rowland. 
I  need  not  dwell  upon  the  mathematical  exposition  of  this,  but  ref- 
erence to  Stewart  ( "  Elementary  Treatise  on  Heat,"  pages  330  & 
412),  Maxwell  ( "  Theory  of  Heat,"  pages  169,  228  &  310),  Cotterill 
("The  Steam  Engine  Considered  as  a  Heat  Machine,"  page  82) 
McCulloch  ( "  Mechanical  Theory  of  Heat,"  page  92)  and  Rankine 
("  Steam  Engine,"  page  321)  will  serve  as  a  verification  of  the  above 
summation.  Permit  me  to  call  your  attention  to  this  remarkable 
agreement  between  theory  and  practice.  The  specific  heat  at  con- 
stant volume  is  not  directly  determinable  from  experiment,  so  it  is 
developed  from  the  velocity  of  sound,  and  substituting  these  two 
independent  experimental  data  (the  two  specific  heats)  in  a  theoreti- 
cal equation  not  involving  a  previous  determination  of  the  mechani- 
cal equivalent  of  heat,  we  ascertain  such  equivalent  from  correct 
theoretical  considerations,  and  it  accords  with  the  experimental  de- 
termination. What  a  beautiful  demonstration  of  the  correlation  of 
the  different  laws  and  facts  of  nature  do  we  here  perceive  exempli- 
fied. 

But  this  will  appear  rather  as  an  illustration  of  the  beauty  and 
symmetry  of  the  science  than  as  a  presentation  of  a  fact  of  direct 
utility  to  the  engineer  in  the  practice  of  his  profession,  and  since  it 
is  my  special  object  to  call  attention  to  a  few  of  the  latter  class  of 
facts,  I  will  have  to  omit  the  mention  of  the  interesting  relations 
between  the  physical  properties  of  bodies,  such  as  between  the  two 
elasticities  and  the  two  specific  heats,  gaseous  viscosity  and  the 
molecular  theory  of  the  constitution  of  bodies,  all  of  which  the 
science  teaches,  and  will  at  once  refer  to  its  main  application  for  our 
own  purposes,  the  work  of  fluids  in  engines.  It  is  in  this  depart- 
ment of  our  jirofession  that  thermo-dynamics  has  made  the  deepest 
impression  in  practice,  and  is  destined  to  continue  it  to  a  far  greater 
extent.  It  has  taught  us  the  different  laws  of  expansion  and  work 
of  fluids,  and  has  supplied  us  with  the  proper  test  of  the  efficiency 

T  — T 

of  different  forms  of  engines.     — ^ — -,   the  limit  of    efficiency  has 

enabled  us  to  correctly  appreciate  the  j^rogress  made,  and  to  defin- 
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itely  point  out  the  direction  in  which  the  advance  in  efficiency  and 
perfection  of  heat  engines  lies.  To  increase  the  theoretical  effi- 
ciency, T,  the  temperature  of  the  fluid  at  its  entrance  to  the  cylin- 
der should  be  raised,  and  T,,  the  temperature  at  exhaust  lowered  as 
much  as  possible. 

The  application  of  this  principle  to  steam  engines  implies  high 
steam  pressures  and  great  expansion.  This  was  tried  within  certain 
limits,  and  the  beneficial  results  looked  for  were  not  realized  to  the 
extent  expected.  The  theory  was  still  recognized  as  true  by  those 
who  grasped  it,  but  the  practical  results  had  not  conformed  to 
their  expectations.  The  nature,  laws  and  action  of  steam  were 
thoroughly  investigated,  and  it  became  apparent  that  condensation 
ensued,  owing  to  heat  consumed  for  internal  work  during  expansion 
and  to  the  detrimental  action  of  the  metal  of  the  cylinder.  When 
the  steam  enters  the  cylinder  (of  a  lower  temperature  than  the  steam 
at  its  initial  j^ressure)  it  gives  out  heat  to  the  metal  of  the  cylinder, 
and  to  do  this  sets  free  latent  heat,  causing  water  of  condensation 
to  be  formed.  When  the  steam  in  the  cylinder  expands  it  performs 
internal  as  well  as  external  work,  and  becomes  partially  liquefied ; 
as  the  steam  leaves  the  cylinder,  rushing  into  the  condenser,  the 
water  mixed  with  the  steam  evaporates,  abstracting  additional  heat 
from  the  metal  of  the  cylinder.  When  a  fresh  volume  of  steam  of 
initial  pressure  now  enters  the  cylinder,  it  comes  in  contact  with  the 
metal  of  lower  temperature,  water  of  condensation  is  formed  and 
the  action  continues  as  indicated  above. 

Several  methods  of  decreasing  this  loss  presented  themselves: 

1.  The  introduction  of  the  compound  engine  which,  dividing  up 
the  range  of  temperature  between  admission  and  final  exhaust,  in 
two  or  more  stages,  causes  less  difference  in  each  cylinder,  and 
therefore  decreases  the  loss  by  condensation,  while  again  the  heat 
abstracted  from  the  first  cylinder  at  exhaust  becomes  available  in  the 
second  cylinder. 

2.  The  use  of  the  steam  jacket  which  tends  to  keep  the  metal  of 
the  cylinder  at  uniform  temperature  and  thus  prevent  the  initial 
condensation  of  steam,  and  to  supply  heat  to  the  steam  in  the  cylin- 
der to  prevent  condensation  during  expansion. 

3.  The  introduction  of  a  great  number  of  strokes  per  minute,  so 
that  less  time  will  be  accorded  to  the  steam  to  impart  heat  to  the 
metal  of  the  cylinder  and  to  abstract  heat  during  exhaust. 

4.  The  use  of  superheated  steam,  since  it  can  emit  heat  when  be- 
ing admitted  to  a  cylinder  of  lower  temperature  without  causing 
water  of  condensation  to  form  at  entrance  or  during  expansion. 

Neither  of  the  first  three  remedies  proves  entirely  efficacious  in 
practice,  while  all  have  greatly  reduced  the  loss  from  condensation. 
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An  intelligent  study  of  the  theory  of  heat  will  show,  however,  that 
the  latter  is  the  only  one  which  offers  the  possibility  of  entirely  pre- 
venting condensation.  Perhaps  it  will  need  some  explanation  why 
the  steam  jacket  can  never  entirely  prevent  this  loss.  It  is  owing  to 
the  fact  that  the  transfer  of  heat  from  the  steam  in  the  jacket  is  not 
as  rapid  as  the  transfer  of  the  heat  from  the  internal  sides  of  the 
cylinder  to  the  steam  in  cylinder,  that  the  steam  on  entering  the 
cylinder  heats  up  but  a  small  thickness  of  metal  to  its  own  tempera- 
ture, owing  to  the  comparatively  poor  power  of  conduction  of  iron. 
And  the  steam  in  the  ]acket,  similarly,  heats  up  to  its  own  tempera- 
ture but  a  small  thickness  of  the  metal  of  the  cylinder  immediately 
in  contact  with  it ;  in  brief,  the  poor  heat-conducting  power  of  iron 
does  not  allow  the  transfer  of  heat  from  the  steam  in  jacket  to  the 
steam  in  cylinder  to  be  practically  instantaneous. 

There  may  be  some  who  are  opj>osed  to  the  introduction  of  the 
high-speed  (as  they  are  popularly  termed)  or  rather  "high-revo- 
lution "  engines.  But  whatever  be  their  practical  defects — -and 
they  possess  some  mechanical  advantages  that  we  are  inclined  to 
think  more  than  counterbalance  those  defects— the  principle  is  in 
the  right  direction,  and  already  splendid  workmanship  and  refine- 
ment of  mechanism  and  machinery  tends  to  confirm  the  value  theory 
accords  the  system. 

We  will  now  briefly  refer  to  the  use  of  air.  Thermo-dynamics  de- 
monstrates its  superiority  to  steam.  Its  permanently  gaseous  na- 
ture enables  it  to  expand  without  doing  internal  work,  and  its  tem- 
perature can  be  raised  to  a  high  degree  without  the  objection  of  a 
high  pressure  difficult  to  control.  But  practically  the  few  air-en- 
gines built  have  as  yet  not  proved  a  decided  success,  owing  to  the 
difficulty  of  obtaining  a  rapid  convection  of  heat  to  and  from  the 
air  employed,  and  the  necessity  of  a  larger  cylinder  than  is  needed 
for  a  steam-engine  of  the  same  power.  Again,  very  high  tempera- 
tures of  the  air  cause  no  inconsiderable  strains  due  to  irregular  ex- 
pansion of  the  metal  and  a  slow  oxidation  of  the  metal  as  well.  And 
so  with  other  forms  of  fluid-engines.  Practical  difficulties  and  ob- 
stacles have  not  always  permitted  the  rigid  teachings  of  thermo- 
dynamics to  be  precisely  realized,  though  they  bave  in  most  cases 
served  as  an  exemplification  of  its  truth.  But  as  long  as  we  have  the 
laws  of  the  mechanical  theory  of  heat  to  teach  us  where  the  possi- 
bility of  or  road  to  progress  lies,  better  steam  and  better  air  and 
better  gas  and  better  fluid-engines  will  in  time  be  built.  Even  with 
the  fluids  and  materials  at  present  known,  the  performance  of  en- 
gines are  capable  of  being  doubled,  a  result  by  no  means  too  trivial 
to  make  an  honest  effort  to  master  the  principles  which  will  aid  us 
in  securing  this  end.     But  who  would  dare  to  say  in  an  age  when 
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Professor  Crooke's  fourth  state  of  matter  opens  up  realms  of  inves- 
tigation undreamtof,  and  when  Professor  Bell's  discovery  of  sound - 
transmitting  rays  of  light  potently  reminds  its  that  we  are  but  at 
the  threshold  of  our  understanding  of  the  laws  of  the  universe,  who 
would  dare  to  say  that  new  fluids,  materials  and  conditions  will  not 
be  discovered  that  will  enable  us  to  extend  the  limits  of  temperature 
between  which  the  fluid  can  expand  in  a  cylinder,  and  thus  iitilize 
by  far  the  greater  portion  of  the  latent  power  which  nature  has  pre- 
sented to  us  in  her  stores  of  fuel ! 

But  it  may  be  said :  The  advances,  pointed  out  above,  in  the  effi- 
ciency of  engines  have  not  in  all  cases  been  instituted  by  those  who 
have  mastered  the  mechanical  theory  of  heat,  and  the  advances, 
therefore,  are  not  in  all  cases  the  result  of  the  study  of  the  subject. 
This  is  partially  true,  that  is  while,  as  far  as  I  can  learn,  no  advances 
have  been  secured  in  the  efficiency  of  heat-engines  (not  including, 
of  course,  reduction  of  friction  and  better  mechanism  for  transform- 
ing the  rectilinear  motion  of  the  piston)  by  men  who  have  not  been 
intimately  acquainted  with,  at  least,  the  fundamental  principles  of 
heat-energy,  they  have  not  in  all  cases  mastered  the  whole  subject 
in  its  highest  mathematical  form.  But  to  correctly  appreciate  and 
define  the  advance,  the  theory  of  heat-energy  has  always  been  called 
into  play,  and  if  our  progress  in  the  efficiency  of  heat-engines  has 
not  been  as  rapid  as  we  might  have  desired,  and  is  not  as  rapid  at 
the  present  time  as  desirable,  it  is  owing  to  a  lack  of  knowledge  and 
understanding  of  the  subject  under  discussion  by  some  of  our  more 
brilliant  and  experienced  minds.  There  are  two  methods  of  gaining 
knowledge.  One  by  acquiring  the  laws  and  results  of  the  experience 
of  others,  the  other  by  acquiring  the  laws  by  our  own  experience. 
Both  constitute  the  acquistion  of  principles  or  theory.  Both  have 
their  uses.  But  it  is  a  loss  of  time,  and  it  is  at  the  expense  of  many 
failures  and  disappointments  which  do  not  contribute  to  real  ad- 
vance, if  we  arrive  at  the  same  principles  by  such  failures  that  oth- 
ers have  reached  before  us  by  whose  experience  we  might  have  pro- 
fited. When  we  have  acquired  the  knowledge  of  the  work  that  oth- 
ers have  done,  we  are  prepared  to  make  further  progress,  and  if  the 
difficulties  and  obstacles  multiply  we  will  be  fairly  equipped  and  fully 
encouraged  to  meet  them.  If  we  then  experience  failures,  they  will 
contribute  to  real  advance  instead  of  demonstrating  a  fact  or  law 
which  had  already  been  acknowledged,  and  which  it  was  within  our 
power  and  province  to  know.  Thus  too  will  indorsement  of,  and  in- 
vestment of  capital  in,  prime  movers,  advertised  as  realizing  fabulous 
power  be  avoided,  since  our  knowledge  of  the  laws  of  thermo-dynam- 
ics  will  have  acquainted  us  with  the  principles  of  the  conserva- 
tion of  energy,  the  impossibility  of  transgressing  certain  limits,  and 
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will,  therefore,  indicate  or  demonstrate  the  fallacies  of  the  projected 
scheme. 

In  conclusion,  I  must  say  that  I  am  aware  that  full  justice  has  not 
been  done  to  the  theme  under  discussion,  nor  can,  in  my  opinion, 
full  justice  be  done  to  so  grand  a  theme  within  the  limits  of  a  paper 
of  this  kind.  A  complete  treatise  would  have  to  be  written  to  de- 
monstrate its  true  importance,  and  some  work  like  that  of  Eankine 
is  the  best  verification  of  the  actual  value  of  the  science,  and  in  its 
study  does  this  value  become  most  potently  apparent. 

But  if  I  have  been  able  to  convince — say,  one  of  you,  heretofore 
uninterested,  of  the  vitality  of  the  study,  I  will  feel  amply  compens- 
ated, and  will  offer  no  apology  for  my  enthusiasm  in  the  cause. 


DISCUSSION. 

Mr.  Worthington — I  would  ask  Mr.  Wolff  whether  he  said  that  it 
was  an  advantage  of  air  over  steam,  that  it  expanded  less  under  the 
same  amount  of  heat. 

Mr.  Wolff- — No,  I  did  not  make  that  statement ;  I  made  the  state- 
ment that  the  advantage  of  air  above  steam  was,  that  no  heat  was 
consumed  for  internal  work  during  expansion.  Air,  being  a  perma- 
nent gas,  necessarily  consumes  but  a  very  slight  amount  of  heat  for 
internal  work. 

Mr.  Worthington — It  is  strange  that  I  misunderstood  it  so  com- 
pletely. That  which  would  produce  high  pressure  would  be  its  expan- 
sion under  heat,  would  it  not? 

Mr.  Wolff—  The  same  amount  of  expansion  for  air  as  for  steam 
would  not  produce  the  same  pressure. 

Mr.  Worthington — And,  therefore,  if  I  understand,  the  statement 
is  that  the  same  amount  of  heat  applied  to  air  would  not  produce 
the  same  amount  of  pressure,  and  that  you  quote  as  an  advantage 
to  air  as  a  motive  power. 

Mr.  Wolff—  It  is  an  advantage  because  we  gain  a  higher  tempera- 
ture with  less  pressure.  The  more  we  can  raise  the  initial  tempera- 
ture the  higher  will  be  the  efficiency,  independent  entirely  of  the 
pressure.  But  the  pressure,  of  course,  enters  as  an  element  of  cost 
and  practical  expediency,  since  a  larger  engine  will  be  recpiired  for 
air  than  is  needed  for  a  steam-  engine  of  the  same  power. 

Mr.  Worthington  —  Why  have  you  to  heat  it  higher  to  produce  as 
much  expansion  ?  This  is  a  practical  view  of  the  case,  and  I  cannot 
connect  the  two  points  exactly  in  my  mind. 
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Mr.  Wolff —If  we  have  a  certain  volume  of  air,  and  we  apply  to  it 
a  certain  amount  of  heat,  the  pressure  and  temperature  of  the  air 
will  be  defined,  and  the  air  is  in  condition  to  be  utilized. 

Mr.  Worthin g ton  — ~F 'or  what  purpose? 

Mr.  Wolff—  For  power-purposes.  We  can  utilize  the  amount  of 
heat  in  the  air.  Of  the  amount  of  heat  which  we  are  utilizing,  we 
gain  a  larger  percentage  than  we  could  if  we  had  put  this  into  the 
steam-engine.  The  amount  of  heat  which  we  utilize  from  the  heat 
which  is  in  the  coal  is  greater  than  if  we  transfer  this  heat  to  the 
steam. 
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The  most  important  application,  of  the  result  here  sought,  is  to 
the  steam  engine,  though  it  is  not  necessarily  limited  to  it.  I  have 
therefore  pursued  the  investigation  as  though  in  application  to  the 
engine  crank. 

This  detailed  examination  into  the  efficiency  of  the  cranks  of 
engines  was  suggested  by  the  extraordinarily  large  crank-pins 
and  shafts,  compared  with  crank  lengths,  adopted  in  the  Mod- 
ern Marine  Engine  In  a  few  cases  the  diameter  of  the  crank 
bearings  have  equal 
led  the  radius  of  the 
crank,  as  shown  in 
Fig.  A.  See  Report 
of  Chief  Engineer, 
J.  W.  King,  Un  ited 
States  Navy,  on  Eu 
ropean  ships-of-war 
page  122.  The  so 
called  modern  marine  engine,  above,  means  engines  of  several  cylin- 
ders with  relatively  short  strokes  and  large  pistons,  connected  direct- 
ly to  the  propeller  shaft  by  several  cranks,  in  the  manner  which  seems 
almost  unavoidable  in  propeller  vessels.  The  high  rotative  speed  and 
great  rotative  effort  required  by  the  propeller  wheel,  the  relatively 
high  piston  speed  advocated  to-day,  the  necessity  for  several  cranks 
on  a  propeller  shaft  to  suit  the  several  cylinders  of  the  compound 
engine  at  present  in  vogue,  and  to  steady  the  motion  of  the  wheel ;  all 
these  conspire  in  forcing  upon  the  marine  engine  builder  excessively 
large  crank  pins  and  crank  bearings,  as  compared  with  crank  radius. 

The  efficiency  of  crank  here  meant,  is  the  ratio  to  the  total  work 
of  the  work  actually  transmitted  from  the  connecting  rod  to  the 
main  shaft,  the  frictional  resistance  of  the  crank  pin  and  crank  bear- 
ing being  considered.     A  cursory  view  of  this  question  will  convince 


Fig.  A. 
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us  that  more  work  is"  consumed  prejudicially  with  large  bearings 
than  small ;  and  with  excessively  large  bearings,  it  appears  that  the 
angle  of  repose  of  the  crank  will  be  considerable,  and  that  within 
this  angle,  the  pressure  upon  the  piston  only  makes  frictional  resist- 
ances at  the  crank,  to  overcome  which  requires  more  power  than 
that  developed  in  the  cylinder,  within  this  angle.  It  is,  indeed, 
possible  that  the  crank  bearings  be  so  large,  as  compared  with 
radius,  that  the  angle  of  repose  be  90°,  or,  in  other  words,  that  the 
steam  acting  on  the  piston  have  no  power  to  turn  the  engine  at  all. 
Though  a  general  solution  of  the  efficiency  of  the  crank,  at  least 
for  one  position,  is  common  in  books  on  machinery  and  mill-work, 
it  is  not  commonly  in  such  shape  as  to  give  the  practical  engineer 
much  aid.  The  present  object  is  to  reduce  this  matter  to  practical 
quantitative  figures,  and  not  applying  to  one  position  only  of  crank, 
but  to  include  the  sum  total  of  effect  from  beginning  to  end  of 
stroke.  Again,  the  simplest  case  of  this  is  for  a  constant  pressure 
upon  the  piston  during  the  whole  stroke  ;  but  though  simplest  it  is 
not  most  useful,  and  hence  the  problem  is  extended  to  include  the 
whole  range  of  expansion  of  steam  found  in  practice. 

CASE    OF    A    SINGLE 'BEARING    AND    BOX. 

Let  the  smaller  shaded 
circle,  Fig.  1,  represent  tne 
bearing,  and  the  larger  cir- 
cle its  box.  The  amount  of 
looseness  indicated  is  exag- 
gerated for  the  purposes  of 
illustration,  but  it  is  certain 
that  a  perfect  box  must  al- 
ways be  slightly  larger  than 
the  bearing  to  make  room 
for  the  lubricant.  A  bear- 
ing which  will  run  cool  in  a 
box,  and  never  cut  should 
have  a  little  shake  before  the  Fig.1. 

lubricant  is  applied.  When  lubricated  it  will  not  shake,  and  though 
when  in  motion  the  bearing  will  not  touch  the  box,  it  will  doubtless 
approach  nearest  to  it  at  some  point  C.  The  frictional  resistance  in 
running  will  give  cause  for  a  resisting  moment  which  may  be  re- 
presented by  aid  of  the  diagram,  by  the  product  of  the  force  P  into 
some  moment  arm,  B  O.  The  foot  lbs.  per  minute  of  this  resistance 
will  be  the  product  of  the  force  P  in  lbs.  by  the  length  in  feet  of  a 
thread,  or  theoretical  filament,  BCP,  that  would  be  run  off  per  min- 
ute from  a  cylinder  of  the  radius  BO,  the  force  P  being  the  thrust 
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of  the  bearing  against  its  box.     With  this  conception  of  the  resist- 
ance it  is  easy  to  calculate  the  power  lost  at  a  bearing. 

The  angle  BCO,=a,  is  the  so-called  " angle  of  repose"   for   the 
surfaces  at  C,  and  tang  a=/'=the  coefficient  of  friction.     But, 
BO=CO  sin  a  =CO  tang  a,  nearly. 
=/.  CO 

=/.  CO  cos  a,  exactly. 
Hence  the  moment  of  friction  is 
P.  BO=P./.  CO  nearly. 

=P  f  (Radius  of  bearing)  nearly. 
=P/  (  "  "  "  )  cos  a  exactly. 
But  as  the  angle  of  repose  BCO  is,  in  every  case  of  machinery 
bearings  in  good  condition  very  small,  I  have  therefore  used  the  ap- 
proximate value  of  the  moment  of  resistance,  P.  /'.  CO  instead  of  the 
exact  value.  The  difference  of  these  values  being  the  difference  be- 
tween the  sine  and  tangent  of  the  angle  BCO,  scarcely  ever  exceed- 
ing 2°  or  3°,  the  error  introduced  is  but,  little  over  a  tenth  of  one 
per  cent. 

THE    CRANK    BEARINGS PRESSURE    CONSTANT. 

Applying  the  above  to  the  crank  pin  and  pillow  block  bearings, 
we  have  the  conditions  of  action  as  represented  in  Fig.  2,  where  O 


is  the  center  of  the  crank  pin,  and  Q  the  center  of  the  pillow  block 
or  main  bearing.  The  rotative  effect  will  be  a  couple  consisting  of 
P  for  its  force,  and,  in  the  absence  of  friction,  the  arm  will  be  the 
perpendicular  distance  between  FO  and  GQ,  or  vr  sin  6,  but  in  pres- 
ence of  friction  the  arm  will  be  the  perpendicular  distance  between 
BC  and  DE,  or 
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r  sm.6— BO— DQ=r  sin  8— f(A  +  a)  .  .  .  .  (1) 
where  /  is  the  coefficient  of  friction  (nearly),  and  A  and  a  the  radii 
of  the  bearings.  Then  the  moment  without  friction  is  Fr  sin  6 ; 
and  with  friction  is  P  (r  sin  d—f(  A  +  a)  ). 

The  efficiency  of  the  crank,  for  one  position,  is  then  evidently, 

M'y,=r  ^V(A+a)=l-^        ...         (2) 

J  r  sin  6  r  sin  t> 

Next,  find  the  efficiency  for  the  work  transmitted  from  the  con- 
necting rod  to  the  main  shaft  during  a  half  revolution,  or  during  a 
stroke  of  the  engine,  the  pressure  of  steam  in  the  cylinder  being  re- 
garded as  constant  throughout  the  stroke,  and  transmitted  to  the 
connecting  rod  without  loss  ;  also  assume,  for  convenience,  that  the 
connecting  rod  always  acts  in  a  line  parallel  to  the  axis  of  the  cylin- 
der ;  that  is,  the  lines  FO,  BC,  DE,  GQ,  &c,  are  parallel  to  that 
axis. 

Then  the  work  of  a  stroke   will  be 

P.  2  r (3) 

where  2?-= twice  the  crank  radius, = stroke,  and  P=the  total  pres- 
sure on  the  piston.  The  work  lost  by  friction  for  the  stroke,  taking 
the  coefficient  of  friction  the  same  for  both  bearings,  will  be 

P  f.  n  A+P/.  n  a=fn  (A+a)  P  ....  (4) 
where/*  A  and  /'a,=the  radii  DQ  and  BO  respectively,  and  n  times 
the  same  being  the  semicircumferences  to  those  radii,  which  multi- 
plied by  P,  give  the  prejudicial  work  due  to  friction,  as  shown  by 
Fig.  1. 

Hence,  for  the  whole  stroke,  or  a  half  revolution  of  crank,  with 

constant  steam  pressure,  we  have  the 

2Pr-/-?r(A+«)P           /g(A  +  a)  ,« 

Eny,= -j^- -1 ^ •         •  (5) 

in  which/=coeff.  of  friction,  r=radius  of  crank,  A=radius  of  main 
bearing,  and  a=radius  of  crank  pin. 

This  is,  of  course,  the  value  also  of  the  efficiency  for  the  return 
stroke,  and  for  the  engine  in  continuous  action. 

This  is  nearly  the  expression  for  efficiency  of  crank  of  engines 
worked  with  the  common  D  slide  valve.  But  a  more  exact  expres- 
sion for  this  form  of  engine  will  be  given  later,  in  examples  of  cut-off 
at  two-thirds  or  three-fourths. 

It  is  noticeable  that  this  expression  is  independent  of  the  press- 
ure of  steam  ;  that  it  diminishes  as  the  coefficient  of  friction,  and 
the  sum  of  the  radii  of  the  crank  bearings  increase,  and  that  it  in- 
creases as  the  length  of  the  crank  increases.  Regarding  the  coefficient 
of  friction  as  constant,  this  efficiency  is  constant  so  long  as  the  sum 
of  the  radii  of  bearings  divided  by  the  radius  of  crank  is  constant. 
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EXPANSION    ENGINES PRESSURE    VARIABLE. 

Now  take  the  case  of  steam  admitted  at  constant  pressure  up  to 
some  arbitrary  point  of  cut-off,  and  then  expanded  hyperbolically  to 
the  end  of  stroke.  Also  let  there  be  a  constant  back  pressure  on 
the  return  stroke.  The  expansion  curve  is  assumed  hyperbolic 
for  the  purpose  of  simplifying  the  analysis.  The  clearance  is  also 
disregarded.  The  percentage  of  error  introduced  on  these  accounts 
will  be  seen  to  be  slight. 

Fig.  3  represents  if  "'  f r 
the  expansion  dia- 
gram as  above  speci 
fied,  juxtaposed  with 
a  diagram  of  the 
crank-pin  path  of  a 
half  revolution.  The 
crank-pin  center  de- 
scribes the  semicircle 
QRT  while  the  pis-  G 
ton  moves  through 
G  N.  When  the  pis- 
ton is  at  the  point  of 
cut-off  J,  the  crank 
pin  is  at  R,  or  at  the 
crank  angle  6'.  Rep- 
resent other  crank 
angles,  by  8,  all  reck- 
oning from  the  ini- 
tial   point    Q.     Let  q 

P„    P„    P3    and    P     ,     ™£  Fig.  3. 

stand  for  the  initial,  terminal,  back,  and  expansion  absolute  press- 
ures respectively.  Put  x  for  any  part  of  the  stroke,  as  Q  F,=H  D, 
where  the  piston  is  to  be  found  ;  and  n  for  a  fraction  expressing  the 
part  of  stroke  at  which  the  cut-off  occurs. 

Then  the  diagrams  give 

x=r  (1— cos  6)         ....         (6) 
n.  2  r=r  (1— cos  6')  (7) 

P=P,^  ....         (8) 

x  ' 

The  last  equation  assumes  no  "clearance,"  and  expresses  the  hy- 
perbolic relation  between  p  and  x  for  the  expansion  curve. 

1°  As  far  as  to  the  point  of  cut-off  we  have  the  work  performed 
in  the  cylinder. 

=  (P,-P,)2m»-        ....         (9) 
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And  the  prejudicial  work  due  to  friction  of  crank  bearings  will, 

See  4,  be 

=  (P,-P,)  (A  +  a)/0'  .  .         (10) 

where  now  the  arc  is  9'  instead  of  n. 

2°  Beyond  the  point  of   cut-off  we  have  the  work,  exclusive  of 
friction,  equal 

2nr  2nr 

=2wrP,logi-2P3r(l-«).         .         .         (11) 
The  prejudicial  work  due  to  friction  of  crank  bearings  will  be 

/(P-P3)  (A  +  ajfdd=  (A  +  a)//"  (p^-P.JdW 

d'  6' 

=^^A^w^e)-^)d0   •   ■  (12) 

Q,  I 

But 

r    dd  fdB  6' 

I     z g=  / 3  =  +  COt-jp  -  COS 

*        1  —  COSt*       "     n    •     s   &  2 


2  sin"— 
2 


_  %\/n(l—n) 


(13) 


1  — cos0'  2n 

Hence  Eq.  12  becomes 

=(A+a)/[2P,y^3'TC)_Ps(s-_0')]        .        .        .      (14) 

This  comj^letes  the  exin-essions  for  one  stroke,  for  the  useful  work 
developed  by  the  steam  in  the  cylinder,  and  for  the  prejudicial  work 
due  to  friction  of  crank  bearings  for  expansion  engines.  Combining 
them  we  get, 

Effy,     =l-(10)  +  (14) 

y  (9) +  (H)      

_(P1-P3)(A  +  a)/0'  +  [2P1V^l37l)_P3(^_e')](A  +  a^ 
(P,  -P3)2?«-  +  2?M-P1log-  -2P3r(l-  n) 

6'+  2a/«(1  -n)      P, 

~j\(A  +  a)7tf  .         .         .      (15) 


W(l+hyp.log^_?i 


p 

in  whicbp1^  absolute  pressure  in  atmospheres,  where  back  press- 

ure=P3,  usually  one  atmosphere;  «=;  fraction  of  stroke  at  cut-off; 
0'=corresponding  crank  angle  ;  A=radius  of  main  crank  bearing  ; 
a=radius  crank  pin  ;  and  r=radius,  or  length  of  crank.  If  n=l 
we  have  6'=n,  and  Eq.  15  reduces  to  Eq.  j  as  it  evidently  should. 
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Here  the  efficiency  is  not  independent  of  the  pressure,  though  its 
modifying  action  is  not  great,  as  shown  by  a  table  below.  But  for 
a  given  jsressure,  the  value  of  the  quantity  which  makes  the  efficiency 
less  than  1,  is  proportional  to  the  sum  of  the  radii  of  the  crank  bear- 
ings and  inversely  as  the  length  of  the  crank.  It  is  also  proportional 
to  the  coefficient  of  friction.  It  is  fortunate  that  the  effect  of  these 
controlling  terms  is  according  to  no  higher  power  than  the  first. 

EXAMPLE    OF    THE    CRUISER     "  IRIS.'' 

To  realize  that  the  value  of  this  prejudicial  quantity  is  high  in  such 
engines  as  those  used  on  propeller  shafts  ;  let  us  consider  for  a  mo- 
ment the  case  of  the  British  cruiser  "Iris,"  already  referred  to  in 
King's  Report,  in  which  the  crank  bearings  are  16i  inches  in  diameter 
and  the  stroke  of  engine  33  inches,  making 

^=0.5 
2  r 

The  diameter  of  the  high-pressure  cylinder  is  41  inches  and  of  the 
low-pressure  75  inches,  the  engine  being  compound.  The  latter  cy- 
linder, considering  its  length  and  diameter,  must  look  some  like  a 
cheese  in  form.  Boring  such  a  cylinder  would  be  something  like  chuck- 
ing a  ring.  If  the  high-pressure  cylinder  had  been  made  twice  as 
long  in  stroke  as  its  diameter,  with  the  same  volume — in  which  case 
its  power  would  be  the  same — its  diameter  would  be  30  inches  and 
stroke  60  inches.  The  low  pressure  cylinder  would  be  56  inches  in 
diameter  for  the  same  stroke,  and  for  the  same  volume  as  in  the  en- 
gine referred  to.  This  60-inch  stroke  engine  would,  with  equal 
steam  pressure,  have  a  total  pressure  on  its  piston  less,  in  the  ratio 
of  9  to  17,  as  compared  with  that  of  the  33-inch  stroke  engine.  If 
the  pillow-block  bearings  be  moved  closer  to  the  cranks,  as  they 
probably  might,  with  this  reduced  diameter  of  cylinders,  and  if  the 
strain  on  the  shaft  between  these  bearings  be  considered  largely 
flexural  and  as  the  cubes  of  the  diameters,  their  bearings  would  be 
about  as  1.25  to  1,  or  the  60-inch  stroke  engine  crank-bearings  would 
be  about  13  inches  in  diameter,  and 

^±-"=0.22 

2?- 

As  the  prejudicial  work  lost  at  the  cranks  in  these  two  cases  is 
proportional  to  the  value  of  this  ratio,  it  appears  that  the  loss  with 
the  60-inch  stroke  is  less  than  half  that  for  the  33-inch  engine. 

But  the  above  comparison  is  of  one  compound  engine  with  another. 
Let  us  compare  the  above  two-cylinder  compound  engines  with  a  du- 
plex, fitted  for  the  same  place.  Then  from  the  known  relation  be- 
tween such  engines,  the  aggregate  volumes  of  the  cylinders  of  the 
duplex,  will  equal  that  of  the  low-pressure  compound.  Hence,  the 
33-inch  stroke  duplex  cylinders,  would  each  be  53  inches  in  diame- 
ter ;    and  the  60-inch  stroke  duplex  cylinder,  39  inches  in  diameter. 
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The  maximum  pressures  in  these  cylinders  upon  their  pistons  would 
be,  compound  compared  with  duplex,  as  1  to  1.7  for  each  stroke 
length  ;  and  the  crank  bearings  as  16.5  to  19.8,  and  13.  to  15.6  ;  and 
the  prejudicial  work  as  0.5  to  0.6  and  0.22  to  .26  respectively. 

These  values  can  be  more  readily  compared  by  means  of  the  fol- 
lowing : 

I.— Table  of  Compabisons. 


British  Cruiser  "Iris.'' 

Compound  Engine. 

Duplex  Engine. 

33                60 

41.      75.  i  30.     39. 

16.5             13. 

.5        1       .22 

33 
53 
19.8 
.6 

60 

39 

15.6 

.26 

This  table  indicates  a  decided  superiority  of  compound  engines  as 
regards  the  work  lost  at  the  crank,  though  the  opportunity  for  im- 
provement by  way  of  lengthening  the  stroke  appears  more  decided. 

ADAPTATION     TO    PRACTICE. 

To  put  Equation  15,  for  the  efficiency  of  the  crank  in  the  best 
shape  for  convenient  practical  application,  those  quantities  which 
only  depend  upon  the  point  of  cut-off  may  be  computed  for  several 
such  points  and  tabulated  : 

„  A  +  a  _ 

II. — Table  of  Quantities  to  multiply  by  -~ —  it  f,    to   Ubtain    the 

Percentage  of  Work  Lost  at   the  Crank-Bearings  and  which, 
taken  from  1  gives  the  efficiency,  for  expansion  engines. 


Cut-off. 


.05 

.067 
.08 
.10 
.15 


Multiplier. 


.2472 -m 
.3553 -to 


.2814-m 

.3958- to 
.3302-wi 

,4805-ot 


1.499 
1.413 
1.315 
1.263 
1.199 
1.106 


Cut  off. 


Multiplier. 


.2 

.5218  -to 

.3 

.  6606— ni 

.6612- to 

.4 

.7479 -to 

.7665 -to 

.8185-m 

.8465-m 

.7 

1.161-TO 

.9493 -to 

1.050- to 

.8 
1. 

.9784-  m 
1. 

.976 

.967 

1.223 


1.073 
1. 


Note.— In  this  table  for  non-condensing  engines,  m- 


Pi 


is  the  reciprocal  of  the  absolute 


pressure  in  atmospheres.    For  condensing  engines  m-o  nearly. 
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This  table  is  especially  valuable  for  high-pressure  engines  or  when 
the  effect  of  the  back-pressure  cannot  be  neglected.  In  cases  of 
condensing  engines,  or  where  rn  may  be  considered  zero,  a  still 
more  convenient  table  may  be  employed  as  follows  : 


III. 


-Table  of  Efficiency  of  Ceank,  for  Expansion  Condensing 
Engines. 


Values  of 

A+a 
2r 

Cut-off. 

0.1 

0.2 

0.3 

0.4 

0.5 

1.0 

.04 

1-.47/ 

1-.94/ 

1-1.41/ 

1—1.88/ 

1^2.35/ 

1-4.71/ 

.05 

1-44/ 

1— .89/ 

1-1.33/ 

1-1.77/ 

1—2.22/ 

1—4.44/ 

.06 

1-.42/ 

1-.85/ 

1—1.27/ 

1—1.70/ 

1—2.12/ 

1-4.24/ 

.08 

1-.40/ 

1— .79/ 

1-1.19/ 

1-1.59/ 

1—1.98/ 

1—3.97/ 

.10 

1-.38/ 

1— .75/ 

1-1.13/ 

1-1.51/ 

1-1.88/ 

1-3.77/ 

.20 

1—  .33/ 

1— .66/ 

1— .99/ 

1-1.33/ 

1-1.65/ 

1-3.31/ 

.40 

1—  31/ 

i-.ei/ 

1-.92/ 

1—1.23/ 

1-1.53/ 

1-3.07/ 

.60 

1-31/ 

1-.61/ 

1— .92/ 

1-1.24/ 

1-1.54/ 

1—3.08/ 

•80 

1-.34/ 

1-.67/ 

1-1.11/ 

1-1.35/ 

1—1.68 

1-3.37/ 

1.00 

1— .32/ 

1—62/ 

1— .94/ 

» 

1—1.26/ 

1—1.57 

1-3.14/ 

These  tables  are  not  exactly  adapted  to  compound  engines  for  the 
reason  that  in  the  high-pressure  cylinder  the  back-pressure  is  not 
constant,  and  in  the  low-pressure  cylinder  the  forward  pressure 
upon  the  piston  does  not  vary  so  as  to  give  the  same  form  of  in- 
dicator diagram,  as  has  been  assumed  in  the  above  calculations. 
We  may,  however,  for  compound  engines  with  simultaneous  strokes 
and  no  receivers,  obtain  an  approximation  to  the  efficiency  of  the 
high-pressure  cylinder  by  observing  that  the  terminal  pressure  falls 
but  slightly  at  the  end  of  the  stroke,  and  using  Table  II.,  with  a 
value  of  m,  which  is  equal  to  the  "  cut-off."  This  is  evident  from 
the  fact  that  the  indicator  card  of  the  non-compound  cylinder, 
when  modified  by  cutting  off  the  bottom  by  a  back-pressure  line 
at  the  height  of  the  terminal  pressure,  and  turning  the  point  up- 
ward, will  resemble  the  high-pressure  compound  cylinder  diagram. 
For  the  low-pressure  cylinder,  perhaps,  no  better  guide  can  be  given 
or  an  approximation  than  to  use  Table  III.  with  a  cut-off  at  from  a 
third  to  a  half  stroke. 

For  compound  engines  generally,  probably,  the  best  guide  to  the 
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use  of  the  tables  may  be  stated  as  follows  :  to  simply  assume  such  a 
fictitious  forward-pressure,  back-pressure  and  cut-off  as  will  give  a 
diagram  approximating  to  the  one  in  question,  and  then,  with  a  cut-off 
and  m  proper  to  this  diagram  find  the  tabular  coefficient. 


THE   GRAPHICAL   METHOD. 

NON-EXPANSION    ENGINES. 

A  diagram  can  easily  be  drawn  which  will  present  this  problem 
and  its  solution  in  a  clear  light ;  and  which  for  purposes  of  illustra- 
tion, will  serve  us  better  than  the  preceding. 

From  the  well-known  fact  that  the  rotative  effort  exerted  through 
the  medium  of  the  crank  and  infinite  connecting-rod,  by  a  piston  un- 
der constant  pressure,  varies  as  the  ordinates  of  a  sinusoid,  because 

Rotat.  eff.  =P,  sin  d, 
we  may  at  once  construct  such  a  sinusoid  as  has  a  height 
equal  the  total  pressure,  P,,  on  the  piston,  and  length  equal  the  half 
of  the  circle  of  the  crank-pin  path.  Then  the  area  of  that  sinusoid, 
because  representing  the  work  of  a  stroke,  will  equal  the  area  of  the 
indicator  diagram — in  this  case  rectangular.  The  prejudicial  work  of 
friction  of  crank-bearings  has  been  seen  to  be  equal  the  total  pressure 
on  piston,  multiplied  by  a  semi-circumference  to  the  radius  (A  +  a)  f- 
This  prejudicial  work  being  performed  in  the  same  time  as  that  of  the 
above  sinusoidal  area,  may  be  drawn  in  connection  with  it  so  as  to 
give  a  picture  of  the  work  of  the  stroke. 

In  Fig.  4,  let  A  B= 
the  half  circle  of  crank 
pin  path,  rectified ; 
C  D=P,,  the  constant 
total  piston  pressure 
in  a  non-expansive  cy- 
linder, A  E  D  F  B  the  ^ 
sinusoid,  whose  equa-  Fig. 4. 

tion,  in  terms  of  the  crank  angle  6,  or,  distances  from  A.,=x,  is  j/= 

P,  sin  0,=P,  sin-,  with  area  representing  the  useful  work,  and  the 

rectangle  ABHG=the  prejudicial  work. 
The  area  of  the  sinusoid  is 


yfk 

|p 

D 

3         E/ 

\f      >■ 

/       '                             '       \ 

fydx  =  yP.sin  -tfo=P,  2r 


(16) 


=area  of  indicated  diagram. 
The  prejudicial  work,  See  Eq.  4,  is 

P,  n  (A+a)/=A  Bx  A  G=n  r,  A  G, 
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whence 


A  G  =  P, 


The  relation  of  A  G  and  C  D  is 
AG_A+« 
CD-    r    ' 


(17) 


(18) 


These  quantities  enable  us  to  draw  Fig.  4  complete.  To  find  the 
efficiency  from  it,  we  observe  that  the  area  AG  HB  is  to  be  taken 
from  the  area  AEDB,  and  this  divided  by  area  AEDB,  that  is,  if 
area  AGE=EIK,  then 

Effy,     =Area  IKDLJI  (19) 

y'         AreaAEDFBA  V 

EXPANSION    ENGINES. 

Take  the  case  of  hyperbolic  expansion  and  no  back-pressure,  with 
the  admission-pressure  P,,  and  the  value  of  AG,  See  Eq.  ij.  Construct 
a  diagram  as  before,  with  A  C,  Fig.  5,  that  part  of  the  crank-pin  path 
at  which  the  cut-off  occurs.  Then  CD  will  equal  the  rotative  effect  at 
instant  of  cut-off,  and  the  part  ACD  representing  the  admission  will 


K 
E/ 

D^- 

3                                               \ 
\                                               \F 

1 

"^-^ 

M 

Fig.  5. 
be  the  same  as  before.  But  beyond  CD  both  lines  will  fall  below 
those  in  Fig.  4,  according  to  the  fall  in  expansion  pressure.  To 
construct  these  lines  draw  ordinates  so  distributed  along  the  recti- 
fied crank  path,  AB,  as  to  correspond  to  equidistant  piston  posi- 
tions. Thus  the  ordinate  at  M,  Fig.  5,  corresponds  to  the  piston 
position  and  pressure  ordinate  at  W,  Fig.  3.  Then  if  W  K,  Fig. 
3,=f  P„  make  M  K,  Fig.  5,=f  M  N,  &c.  This  holds  good  for  the 
rectangle  A  H  as  well  as  the  sinusoid.  With  a  sufficient  number  of 
points  R  and  Q,  the  curves  may  be  drawn  in  as  shown  at  D  L  B  and 
I  J  H'.  A  series  of  expansion  lines  may  be  drawn  on  the  same  dia- 
gram. Then  make  area  E  I  K=A  G  E.  and  F'JL  =  B  F'  H'  and 
we  have 

_  Area  I  K  D  L  J  I 
Effy'=  AreaAEDLBA         "         "  "         (20) 
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It  is  to  be  observed  that  the  inertia  of  parts  has  been  ignored ; 
also  the  cushion.  Proceeding  under  the  same  supposition,  an  inspec- 
tion of  Figs.  4  and  5  shows  that,  up  to  the  point  E,  it  would  be 
better  that  no  steam  be  admitted  to  the  cylinder,  because  the  re- 
sultant work  is  negative  by  the  amount  AGE.  The  point  E  cor- 
responds to  the  angle  of  repose  of  the  crank,  under  the  supposition 
that  running  friction  equals  standing  friction.  At  the  point  K,  the 
negative  work  is  just  neutralized,  and  no  loss  or  gain  would  result 
by  staying  the  admission  of  steam  so  far. 

To  find  the  point  K,  we  put  the  negative  work,  expressed  in  terms 
of  6,  equal  the  useful  work  similarly  expressed.     That  is : 
0]  dl 

Useful  work  =      /T*',  sinddx—  /P/  sinSdO 

O  0 

=P,r(l— cos0). 

Negative  work=P101(A  +  a)/'  whence 

—jB  =l-cose,  =  l_(l— ^-  +-^_&c.)=^-— ^-nearly, 

•  •  -2  =i±+—s>ne(irly>    ■     ■     •     ■     (21) 

in  which  omit  the  first  term  of  the  second  member  for  a  first  ap- 
proximation.    In  a  second  approximation  it  may  be  included. 

To  find  the  point  E,  put  the  positive  and  negative  moments  equal 
each  other.     Hence 

P/sintf,— P,(A+a),/ 

8010,=^?/ (22) 

This  will  give  a  value  of  63  equal  about  half  that  of  Eq.  21  as  it 
evidently  should. 

In  case  of  a  back-pressure  P3,  lay  off  a  sinusoid,  dotted  at  A  P  B, 
Fig.  6,  with  greatest  depth  equal  to  P3 ;  the  greatest  height  of  ANB 
being  always  equal  the  effective  pressure  of  admission.  Then  for 
W  K,  Fig.  3,  equal  two-thirds  absolute  pressure,  lay  off  P  E,  Fig.  5, 
equal  two-thirds  the  height  of  P  N  and  C.  Also  then  take  P,,  See 
Eq.  17,  equal  the  effective  pressure  of  admission. 

EFFICIENCY    DETERMINED    BY    TEMPERATURE. 

A  journal  and  box  in  good  running  condition,  and  in  continuity  of 
action,  must  in  some  way  receive  and  dispense  the  energy  lost  in  its 
friction.  This  can  be  accounted  for  in  the  heat  due  to  the  excess 
of  temperature  of  journal,  and  radiated,  conducted  and  convected 
through  or  to  the  surrounding  medium,  usually  air.  If  the  amount 
of  heat  thus  transferred  could  be  accurately  measured,  that  quantity 
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would  furnish  an  excellent  means  for  calculating  the  efficiency. 
Though  the  means  for  calculating  this  heat  cannot  be  applied  to 
ordinary  journals  with  much  accuracy,  yet  a  result  may  be  obtained 
which  will  serve  to  check  the  preceding  calculations. 

The  heat  emitted  by  a  body  with  excess  of  temperature  has  been 
determined  by  Sir.  W.  Thomson  for  a  lampblacked  surface  in  air. 
His  result  is  expressed  by  the  relation 

pAS(°  per  sec, 
where  q=the  quantity  of  heat,  A=a  coefficient  of  emission,  <°=the 
excess  pf  temperature,  and  S=the  surface  exposed.    For  q  in  gramme 
degrees,  S  in  square  centimeters  and  t°  in  centigrade, 

A  =  Tu  u  =  TOTT  +  ~B~0TT 

one  part  being  due  to  radiation  and  the  other  to  conduction  and  con- 
vection of  air.  The  part  due  to  radiation  should  be  modified  by  the 
difference  in  radiating  power  between  a  black  and  an  iron  surface, 
the  former  being  to  the  latter  as  about  six  to  one.     Hence  the  ^-^ 

should  be  — — =^r.   As  to  the  part  due  to  conduction  and  convection, 
6  X  800  r 

I  have  assumed  that,  in  the  experiments  for  A,  the  air  received  heat 
by  contact,  and  then  ascended  in  currents,  it  being  warmed  in  the 
ascent  from  no  excess  to  the  full  excess  of  the  iron.  The  average 
excess  of  the  current  would  then  be  about  half  that  of  the  iron. 
To  approximate  to  the  current,  its  buoyancy  was  found  and  com- 
pared with  a  wind  pressure.  An  excess  of  100°  F.  was  assumed  for 
the  bearing,  and  50°  for  the  air.  A  column  of  2£  feet  height  was 
taken  as  the  height  of  crank  of  ordinary  propeller  engines.  Then 
the  upward  pressure  per  square  foot  is  about 

520° 


.=^-^=.075X24(1-^) 


=  .02  lbs. 
This  will  cause  a  wind  current  of  176  feet  per  minute.  This 
velocity,  compared  with  average  velocity  of  the  parts  about  a  crank 
as  above,  is  about  as  176  to  780  feet,  or  the  crank -motion  causes  an 
artificial  convection  which  is  about  four  and  a  half  times  as  rapid  as 
natural  convection  at  the  crank  when  still.  Hence  the  component 
in  A  due  to  convection  should  be  multiplied  by  this  value,  and  as 
the  conduction  is  not  largely  affected  by  the  condition  of  surface, 
we  have  our  value  of 

1  4.5  __  1 

~~  6x800  +  800  ~~  171' 

Introducing  this,  and  changing  q  to  thermal  units  per  square  foot 
of  surface  per  1°  Fah.  per  second,  we  have  : 
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9  = 


83.5~ 


and 


.012  S.  t.°  per  sec 

=  .72  St°  thermal  units  per  min. 
H=555.S<°  ft.  lbs.  per  min. 


Effy=l- 


555.  St° 
33000  HP.. 


(23) 


EXAMPLES   OF    EFFICIENCY   OF   CRANK-BEARINGS. 

A  few  examples  are  given,  mainly  to  indicate  the  importance  of 
the  results  of  the  investigation,  quantitatively. 

First — Method  by  Friction. 

For  quantitative  results  of  efficiency,  a  stated  value  of  the  co- 
efficient of  friction  is  necessary.  To  select  a  value  of  it  from  among 
the  great  variety  of  values  given  by  experiment  is  a  matter  of  judg- 
ment. 

If  variability  of  this  coefficient  is  to  be  deplored,  it  is  even  more 
fortunate  that  it  is  possible  to  carry  its  value  to  the  marvelously  low 
figure,  relatively,  which  has  been  obtained  by  President  Thurston. 
His  values  are  an  incentive  to  use  of  good  designs,  materials  and 
workmanship. 

In  the  hundred-fold  range  given  by  President  Thurston's  extended 
experiments  under  various  conditions  of  from  .25  to  .0025,  it  will 
probably  be  safe  to  assume  that  the  value  of  the  coefficient  will,  for 
ordinaiy  erank-bearings,  he  within  the  ten-fold  range  of  from  .05  to 
.005. 

For  the  example  of  cranks,  I  have  taken  that  of  the  "  Iris,"  as  above 
in  Table  I.,  the  quantities  chiefly  concerned  in  the  efficiency  being 
given  in  the  following : 

IV. — Table  of  Efficiencies  of  Crank-Bearings  of  Steam-Engines 
with  /"=.05. 


Type  of 
Engine. 

Stroke. 
Inches. 

Crank- 
bearings. 
Inches. 

A+o 

2r 

Inches. 

Expan- 
sion. 

Cut-off. 

Efficiency. 

Efficiency. 

Compound. 

33. 

16.5 

.5 

12 

.25 

1—1.63/ 

1— .081 

*' 

" 

" 

" 

20 

.15 

1—1.82/ 

1— .091 

" 

60 

13. 

.33 

13 

.25 

1—0.72/ 

1— .036 

" 

" 

" 

" 

20 

.15 

1—0.80/ 

1— .040 

Duplex ... . 

33 

19.8 

.6 

12 

.0833 

1—2.31/ 

1— .110 

" 

" 

" 

" 

20 

.05 

1—2.66/ 

1— .133 

" 

60 

15.6 

.26 

12 

.0833 

1—0.96/ 

1— .048 

" 

" 

" 

" 

20 

.05 

1-1.15/ 

1— .057 

" 

" 

6. 

.10 

" 

" 

1-.44/ 

1— .022 

2 

.5 

1— .31/ 

1— .015 
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If  the  .05  is  a  fair  sample  of  the  value  of  the  coefficient  of  friction 
for  practice,  it  appears  that  compound  engines  have  a  decided  ad- 
vantage over  duplex,  as  applied  to  propellers,  in  the  matter  of  the 
crank  alone  ;  the  percentage  gained  being  about  four  and  a  half  in 
the  case  of  the  actual  crank  length  adopted  in  the  "  Iris,"  and  with 
a  twelve  to  twenty-fold  expansion.  The  thirteen  per  cent,  loss  in  the 
extreme  case  of  the  duplex  is  nearly  that  due  to  all  causes  in  the 
turbine  water-wheel,  and  is  surely  too  much  to  be  absorbed  by  one 
member  of  the  steam  engine,  under  any  circumstances. 

It  appears  that  the  large  crank-bearings  necessary  in  the  modern 
style  of  marine  engine,  where  several  cylinders  are  put  to  work  on 
one  quick-running  crank-shaft,  should  be  compensated  for  by  every 
means  possible. 

Probably  too  little  attention  has  been  given  to  the  arrangement  of 
the  cylinders  in  these  marine  engines.  The  arrangement  of  the 
cranks  has  been  made  a  subject  of  much  study  by  marine  engineers, 
with  a  view  to  steadiness  of  motion  and  of  strains.  This  should  uot 
be  overlooked  as  regards  efficiency,  for  reduction  of  strains  reduces 
bearings,  and  consequently  increases  the  efficiency ;  but  arrangement 
of  cranks  and  arrangement  of  cylinders  should  be  considered  to- 
gether, both  leading  to  important  advantages  in  the  efficiency ;  the 
part  belonging  to  crank-arrangement  being  reduction  of  bearing,  while 
that  due  to  cylinder-arrangement  being  increased  equivalent  crank 
length. 

For  instance,  if  the  two  cylinders  of  a  duplex  be  situated  at  right 
angles,  say  one  with  axis  vertical,  and  the  other  horizontal,  and  work- 
ing on  the  same  crank-pin,  instead  of  both  being  vertical,  each  with 
a  crank,  and  at" the  necessary  distance  asunder  along  the  shaft;  the 
Iqss  at  the  crank  would  be  less  in  the  ratio  of  \/2  to  2  for  the  case 
of  non-expansion,  but  not  quite  as  much  in  expansion.  This  result 
is  for  a  given  diameter  of  crank-bearings,  and  is  seen  to  be  true  from 
the  fact  that  the  indicated  power  is  the  same  each  way,  out  the  pres- 
sure or  thrust  against  bearings  is  the  diagonal  of  the  square  of  which 
the  sides,  added  together,  make  the  thrust  when  the  cylinders  are 
side  by  side. 

Again,  if  the  one  high-pressure  cylinder  could  be  situated  diamet- 
rically opposite  the  two  low-pressure  ones  of  a  compound  engine, 
with  cranks  at  180°,  and  the  former  have  its  crank  between  the  two 
other  cranks ;  also  if  the  work  b.e  divided  equally  between  the  high 
and  low-pressure,  the  thrusts  against  the  main  crank  bearings  would 
be  nearly  all  avoided,  and  the  equivalent  single  crank  would  be  one 
of  twice  the  length  of  the  actual  cranks.  This  arrangement,  as  com- 
pared with  that  where  the  cylinders  are  side  by  side,  with  main  bear- 
ings between,  will  reduce  the  work  lost  at  crank  to  one-half,  and  the 
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efficiency  would  be  changed  from   1 — .09  to  1— .045;  true  for  non- 
expansion,  and  nearly  so  for  expansion. 

Duplex  engines,  with  cylinders  directly  opposite,  and  cranks  at 
180°,  would  realize  nearly  the  same  advantage,  but  not  quite,  because 
the  cranks  do  not  come  to  balance  in  a  plane  of  rotation.  Again, 
in  a  gang  of  several  cranks,  like  the  eight  in  the  "  Iris,"  those  re- 
mote from  the  propeller,  can  be  smaller  in  bearing. 

Second — Method  by   Temperature. 

One  cylinder  of  the  "Iris  "  appears,  by  data  given  in  King's  Report, 
to  develop  about  four  hundred  horse-power,  and  the  aggregate  sur- 
face of  its  crank  and  box  appears  to  be  about  twenty-two  square  feet. 
Taking  the  temperature  excess  at  80°  Fah.  Eq.  23  gives  the 

Eff'y  =1— .074, 
a  result  lying  among  those  given  in  Table  IV. 

Example  of  Angle  of  Repose. 

From  quantities  given  in  Tables  III.  and  IV.,  for  the  "  Iris,"  we  find 

— — /=l.X.O5=.O5=sin0,    ....         (22) 

Hence  the  angle  of  repose=02=2°  52'. 

Eq.  21,  which  gives  0,  for  the  point  at  which  the  useful  work  is 

just  neutralized  by  the  prejudicial,  makes  (^  =  .1  =  5°  44'. 

DISCUSSION. 

Mr.  Porter — I  would  like,  Mr.  President,  to  gain  some  informa- 
tion about  this  angle  of  repose.  That  was  the  basis,  if  I  understand 
the  paper  correctly,  of  the  computations.    Is  that  a  permanent  angle  ? 

Prof.  Robinson — It  depends  upon  the  co-efficient  of  friction. 
This  angle,  I  believe,  in  the  case  of  the  "Iris,"  is  2°  52',  and 
the  angle  at  which  it  is  desirable  'to  admit  steam  is  about  twice  that. 

Mr.  Porter — The  angle  depends,  I  suppose,  also  on  the  relation 
of  the  steani-pressure  to  the  resistance,  does  it  not  ? 

Prof.  Robinson — It  is  independent  of  the  pressure. 

Mr.  Porter — With  large  pressure  and  very  light  resistance  any 
engine,  whatever  the  size  of  the  crank-pin  or  the  bearings,  will  start 
from  a  position  very  close  to  the  center  line,  very  much  within  one 
degree.  On  the  contrary,  if  the  resistance  is  great  and  the  steam 
pressure  is  small  the  angle  of  repose  will  be  very  large.  It  might 
be  5°  or  it  might  be  10°,  or,  as  suggested  by  the  paper,  it  might  be  90°. 

Prof.  Robinson — You  can  see  by  examining  the  diagrams,  which  I 
gave  for  illustrating  the  action  of  the  force  of  the  stroke,  that  this 
point  would  be  independent  of  the  pressure  ;  that  it  would  depend 
upon   the  value  of  the  crank-radius  and  crank-bearings,  it  being  in- 
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creased  as  the  value   of  the  crank-radius  decreases;  and  increases 
as  the  radii  of  the  crank-pin  and  crank-bearing  are  increased. 

A  Gentleman — Mr.  President :  May  a  person,  not  a  member  of  the 
Society,  be  permitted  to  ask  a  question  ? 

The  President — Yes,  if  no  objection  is  made. 

The  Gentleman — As  I  understand  the  paper,  the  friction  caused 
b_y  the  pressure  on  the  crank-bearing,  has  a  moment  to  prevent  the 
rotation  of  the  crank.  The  pressure  of  the  steam  is  less  than  this 
moment  of  friction,  consequently  under  any  load  whatever  the  en- 
gine would  never  start  with  any  pressure  of  steam  within  the  angle 
of  repose. 

Prof.  Robinson — Yes,  sir. 

The  Gentleman — Because  the  friction,  caused  on  the  crank-pin 
and  the  crank-bearing,  would  have  a  greater  moment  to  prevent  the 
rotation  of  the  crank  than  the  tangential  component  of  the  pressure 
transmitted  through  the  connecting  rod  to  turn  the  crank-pin.  That 
I  understood  to  be  the  character  and  quality  of  this  angle  of  repose. 
Prof.  Robinson — -Yes,  sir. 

Mr.  Sterling — I  think  one  of  the  questions  that  enter  into  this 
discussion  is  the  inertia  of  moving  parts  of  the-engine,  and  Mr. 
Porter  has  brought  before  us  very  clearly  the  important  position  that 
this  inertia  plays  in  the  movements  of  the  steam-engine.  It  is  true 
that  the  engine  will  not  start  within  this  angle  of  repose,  but  that  is 
a  condition  that  we  do  not  design  our  engines  for,  and  in  the  run- 
ning of  an  engine  the  inertia  of  the  moving  parts  would  largely 
destroy  the  effect  of  this  friction,  because  the  power  of  the  steam 
would  be  used  hi  changing  the  direction  of  the  inertia  before  it 
could  reach  the  crank-pin. 

Prof.  Thurston — I  would  like  to  ask  Prof.  Robinson  if  he  obtained 
any  figures  for  the  efficiency  where  the  values  of  the  co-efficients 
were  very  much  lower  than  five  per  cent.  I  ask  that  because  all  the 
co- efficients  that  I  have  obtained — which  were  nothing  like  so  high  as 
five  per  cent. — have  been  from  journals  in  about  the  condition 
of  well-finished  journals  in  new  machinery ;  and  the  co-efficient 
of  one-fourth  of  one  per  cent,  which  I  have  obtained  with  very 
high  pressures,  was  with  journals  in  the  condition  in  which 
we  have  good  .journals  after  they  have  been  running  for  months.  The 
surface  was  a  steel  surface,  the  polish  was  perfect,  and  with  that 
polish  and  the  condition  of  surface  that  we  actually  have  in  the  crank- , 
pins  of  steamers  running  for  some  time,  we  got  a  co-efficient  of 
one-quarter*  of  one  per  cent. — one-twentieth  of  the  figure  given  here. 
Prof.  Robinson — As  to  computation,  I  have  examined  the  figures 
obtained  for  those  values  of  the  co-efficient  of  friction  in  the  last 
column.    Those  figures  are  based  on  the  value  .05,  of  the  co-efficient  of 
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friction.  If  we  introduce  a  co-efficient  of  friction  one-half  of  that 
which  I  assumed  for  the  purpose  of  getting  at  the  numerical  quanti- 
ties, the  values  of  these  quantities  will  be  reduced  to  one-half ;  so 
that  for  the  co-efficient  .005,  the  value  of  these  losses  would  be  re- 
duced to  one-tenth.  That  is  the  first  figure  there  would  be  I — .008- 
The  total  loss  would  be  less  than  one  per  cent,  on  that  supposition. 

Prof.  Thurston — I  have  no  question  in  my  own  mind  that  the 
figure  one-half  of  one  per  cent,  is  very  common ;  I  have  not  any 
question  about  that.  These  low  co-efficients  were  obtained  with 
every  condition  favoring  extreme  light  friction. 

Mr.  Gordon — I  would  like  to  ask  Prof.  Robinson  if  all  his  deduc- 
tions were  not  based  on  the  idea  that  the  brass  around  the  crank 
pin  was  loose,  and  that  there  was  no  obliquity  in  the  connecting  rod- 
If  the  rod  were  in  a  line  with  the  crank  pin,  parallel  with  a  horizontal 
line,  would  not  all  your  calculations  fail!  Would  not  you  have 
nothing  to  base  your  calculations  on  ? 

Prof.  Robinson — Taking  the  diagrams,  which  present  the  figure 
of  the  action  of  the  work  for  a  stroke,  it  will  readily  appear 
that  if  we  were  drawing  a  diagram  of  that  kind  we  could  easily 
modify  it  from  the  case  of  a  parallel  connecting  rod,  to  the  case 
of  a  connecting  rod  with  an  obliquity.  I  think,  from  my  study 
of  the  case,  the  value  of  the  efficiency  would  not  be  changed. 
It  would  be,  perhaps,  increased  slightly,  but  not,  I  think, 
more  than  a  fraction  of  one  per  cent,  of  the  value  that  I 
find.  It  might  be,  possibly,  two  or  three  per  cent.  That  first  figure, 
1— .08,  might  be  modified  two  or  three  per  cent.  I  don't  think 
it  would  be  more  than  that.  Attention  should,  perhaps,  be  called  to 
the  fact  that  the  actions  taken  into  account  are  those  continuing 
throughout  the  stroke,  and  on  account  of  this  we  obtain  a  counter- 
balancing of  the  effects.  On  account  of  this,  I  think  the  result  for 
efficiency  would  be  but  slightly  modified.  The  effect  upon  the  effici- 
ency would  be  much  less,  I  am  confident,  than  it  would  be  in  the  case 
of  the  steadiness  of  motion  of  the  flywheels  as  depending  on  the 
difference  of  action. 
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MECHANICAL  CORRECTNESS. 

BY    CHARLES    A.    HAGUE. 

Read  at  the  Annual  Meeting,  1880. 

Mechanical  correctness  is  the  adaptation  of  the  proper  means  to 
the  accomplishment  of  the  end  in  view :  hence  the  success  of  me- 
chanical engineers  must  necessarily  depend  upon  the  extent  to  which 
they  satisfy  the  conditions  governing  the  production  of  the  effect 
sought. 

Throughout  the  long  list  of  industries  calling  for  the  services  of 
engineers,  the  character  of  the  different  operations  constantly  change 
to  suit  the  varying  demands. 

Correctness  of  manipulation  in  machine  construction  does  not 
always  mean  extreme  closeness  of  fit.  The  automatic  cut-off  gear 
of  steam-engines,  for  example,  requires  to  be  sufficiently  sensitive, 
to  enable  it  to  adjust  itself  to  fluctuate  in  speed  to  the  slightest  at- 
tempt of  the  balance-wheel.  This  action  should  resemble,  as  near  as 
possible,  the  operation  of  the  human  will  controlling  the  muscles 
through  the  mediimi  of  the  nerves. 

A  tolerably  clear  conception  of  the  action  necessary  to  regulate 
speed,  under  varying  demands  for  energy,  may  be  obtained  by  at- 
tempting to  walk  at  a  perfectly  uniform  rate  of  speed  against  a  very 
strong  but  unsteady  wind ;  the  muscular  exertions  under  such  con- 
ditions would  constantly  vary  in  intensity,  to  meet  the  fluctuations  in 
pressure  of  the  gusts  of  wind  against  the  body. 

The  principal  obstacles  to  close  regulation  in  steam-engines  are 
friction  and  lost-motion  of  the  regulating-gear ;  friction,  of  course, 
being  the  greater,  because  upon  the  effort  of  the  friction  depends  the 
extent  to  which  lost-motion  is  realized. 

In  some  of  the  best  types  of  automatic  engines  the  controlling 
mechanism  is  fitted  up  with  a  looseness  of  joints  that  would  be  en- 
tirely out  of  place  in  the  slide-rest  of  a  lathe,  or  in  i^ie  equally  im- 
portant parts  of  other  machine-tools.  But  this  looseness  of  fit  in 
the  engine-gear  is  the  guarantee  of  precise  automatic  action  ;  each 
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part  should  be  so  disposed  as  to  come  squarely,  and  above  all 
promptly,  to  its  work;  the  diffeient  relative  positions  corresponding 
to  the  different  points  of  cut-off  being  the  important  items. 

The  attempt  at  uniformity  of  speed  is  sometimes  defeated  by  reason 
of  an  unnecessary,  though  well-intended,  closeness  of  workmanship, 
by  means  of  which  the  "nerve  quality  "  of  the  engine  is  impaired  ; 
and  the  demands,  telegraphed  from  balance-wheel  to  regulator,  for 
more  or  less  energy,  as  the  case  may  be,  are  not  satisfied  with  sufficient 
precision. 

As  an  example  in  which  correctness  and  closeness  go  hand- in-hand, 
your  attention  is  directed  to  milling  and  gear-cutting  machines. 

In  this  case,  a  moderate  amount  of  friction  is  not  objectionable,  the 
purpose  in  view  being  to  produce  mechanism,  in  which  lost-motion 
shall  be  avoided  to  the  utmost  possible  extent  consistent  with  practice. 

Let  there  be  required  a  spindle  that  shall  revolve  without  a  particle 
of  shake,  but  still  sufficiently  free  in  its  bearings  to  permit  of  lubrica- 
tion. The  sliding  carriage  to  which  the  work  is  secured  is  so  accurately 
fitted  by  means  of  skillful  scraping  that  it  may  be  freely  moved  on  its 
bearings  and  still  possess  qualities  of  extreme  rigidity  in  a  direction  at 
a  right  angle  to  its  line  of  motion  ;  the  surfaces  of  these  bearings 
approximating  so  closely  to  jjlane  surfaces  that,  were  it  not  for  the 
lubricant  interposed  between  the  parts  in  apparent  contact,  they 
could  be  made  to  touch  each  other  at  all  points. 

If  it  were  possible  to  divide  an  index-plate  so  accurately  that  its 
errors  were  within  the  thousandth  part  of  a  second,  the  fullest  ad- 
vantage could  not  be  taken  of  its  precision,  unless  the  balance  of  the 
operating  parts  of  the  machine  were  of  a  quality  fit  to  bear  it  com- 
pany. 

But  it  may  be  safely  said  that  the  road,  at  least,  to  mechanical  cor- 
rectness has  been  reached  in  a  practical  sense,  when  we  consider  the 
fact  that  machines  are  even  now  produced,  by  means  of  which  a  gear 
of,  say,  two  hundred  teeth  may  be  accurately  cut  without  first  mark- 
ing off  its  circumference. 

In  following  up  this  path  of  correctness,  it  is  highly  inqjortant  to 
understand  just  what  we  desire  to  accomplish ;  to  rightly  appreciate 
the  necessities  of  the  case  in  hand,  whatever  it  may  be  ;  and  it  must 
be  also  borne  in  mind  that  there  is  a  financial  phase  to  the  subject, 
that  there  must  be  an  adaptation  of  commercial  as  well  of  mechani- 
cal means  to  suit  the  ends  in  view.  Under  some  conditions  there  will 
be  found  justification  for  a  comparatively  heavy  investment  in  the 
matter  of  plant  and  appliances  ;  while  under  other  conditions  the 
undertaking  may  be  of  a  nature  so  limited  that  a  process  of  a  per- 
manent character  would  be  forbidden. 

In    some   classes   of  machinery,    the   manufacturers    thereof   are 
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not  brought  into  contact  with  their  productions  with  the  same 
degree  of  intimacy  that  their  customers  are,  and,  consequently,  the 
progress  towards  perfection  is  somewhat  dependent  upon  the  criti- 
cisms and  demands  of  their  patrons ;  and  as  these  broadcast  com- 
ments, when  brought  to  a  single  focus,  are  very  likely  to  appear  to 
a  certain  degree  contradictory,  our  manufacturing  engineer,  unless 
he  possess  the  facility  of  sifting  evidence  pretty  thoroughly,  is  not 
unlikely  to  lose  sight  of  the  way  to  correctness  in  a  metaphysical 
fog. 

To  settle  a  question  in  one's  own  mind  is  not  the  easiest  or  most 
rapid  operation  known,  but  when  we  attempt  to  dictate  to  others 
whose  experience  has  placed  them  in  a  position  from  which  things 
do  not  appear  quite  the  same  as  from  our  own  standpoint,  the  diffi- 
culties are  immeasurably  increased. 

It  has  been  said  that  when  two  persons  are  engaged  in  contro- 
versy, there  are  really  six  personalities  present.  First,  the  pair  as 
they  really  are ;  second,  the  pair  as  each  thinks  the  other  is,  and 
third,  the  pair  as  each  considers  himself.  But  in  view  of  the  fact 
that  a  very  large  number  would  result  from  the  application  of  such 
a  course  of  reasoning  to  this  body  of  engineers,  let  us  hope  that  in 
our  progress  along  the  track  of  mechanical  correctness,  we  may  be 
so  directed  that  we  shall  be  practically  a  unit. 
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PACKING  FOR  PISTON  RODS  AND   VALVE  STEMS. 

By  Lewis  F.  Lyne. 

Read  at  the  Annual  Meeting,  1880. 

The  subject  of  this  paper  may  at  first  appear  to  some  engineers  to 
be  rather  a  tame  one  ;  but  when  we  consider  the  important  relation  it 
bears  to  the  economical  working  of  the  steam  engine,  we  are  at  once 
led  to  consider  it  as  one  of  the  most  important.  In  a  general  sense, 
the  piston-rod  packing  causes  more  trouble  than  any  other  part  of 
the  engine.  Since  piston-rod  packing  then  is  so  essential,  and  requires 
so  much  care,  we  may  very  properly  ask  the  following  questions  : 
What  are  its  requirements,  and  of  what  should  it  consist  in  order  to 
best  meet  those  requirements  ?  In  order  that  we  may  properly  under- 
stand the  subject  before  us,  it  will  be  well  to  consider  for  a  few 
moments  the  facts,  as  recorded,  relating  to  the  inventions  of  piston- 
rods  and  packing.  The  piston  engine  was  first  invented  in  1710,  by 
Thomas  Newcomen  and  John  Cawley,  of  Dartmouth  in  Devon.  This 
engine  was  single  acting,  and  passed  through  numerous  stages  of 
improvement  until  the  year  1782,  when  James  Watt  invented  and 
built  a  double-acting  steam  engine.  Previously,  however,  Watt  had 
made  use  of  the  stuffing  box  for  packing  piston  rods,  the  invention 
of  which  for  steam  engines  has  been  attributed  to  Sir  Samuel  More- 
land,  but  it  was  probably  used  some  years  previously  ivpon  pumps. 
In  a  letter  to  Smeaton,  dated  April,  17G6,  Watt  explains  the  difficulties 
encountered  in  making  a  tight  connection,  allowing  the  piston  rod 
to  move  freely.  In  the  engine  which  was  built  in  1782,  Watt,  as  a 
result  of  his  previous  experiments,  bored  a  cavity  in  the  cylinder 
head  similar  to  those  in  use  at  the  ])resent  time,  the  bottom  of  which 
was  beveled  at  an  angle  of  about  sixty  degrees  to  a  line  j)arallel  with 
the  face  of  the  cover,  as  shown  in  Fig.  1.  The  hole  in  the  bottom 
was  slightly  larger  than  the  piston  rod,  so  as  to  prevent  the  rod  from 
touching  any  metal.  The  piston  rod  was  very  nicely  polished,  a 
point  upon  which  Watt  was  very  particular,  and  the  sharp  angle  of 
the  bottom  of  the  stuffing  box  was  for  the  jjurpose  of  causing  the 
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packing  to  close  tightly  around  the  rod.       For  the  use  of  fibrous 
packing  this  is  doubtless  the  best  form. 

For  packing  he  used  coils  of  hemp  or  tow  with  a  washer  of  leather 
at  the  bottom  (afterwards  abandoned),  which  were  constantly  lubri- 
cated with  tallow.  The  tallow  was  derived  from  lumps  of  suet 
placed  in  a  cavity  in  the  gland,  the  same  as  upon  the  present  marine 
beam  engines. 

In  attempting  to  answer  the  question  before  us,  I  must  first  call 
attention  to  the  fact  that  the  requirements  of  a  piston-rod  packing 
are  to  permit  the  rod  to  move  freely  in  all  directions  with  the  least 
friction  possible,  yet  without  allowing  the  steam  to  escape.  Second, 
that  the  packing  must  be  of  a  substance,  or  material,  which  will  secure 
this  result,  and  possess  the  greatest  durability.  After  the  adoption 
of  hemp  or  tow,  Watt  found  that  the  piston  rod  would  very  soon  lose 
its  bright  surface  and  become  full  of  scratches,  appearing  as  if  it  had 
been  draw-filed  with  a  coarse  file,  and  so  we  find  piston  rods  to-day. 
Many  substitutes  for  hemp  have  been  invented,  which  have  in  many 
instances,  after  due  trial,  been  abandoned  for  the  original  material 
and  methods.  All  fibrous  material  contains  more  or  less  grit  which, 
sooner  or  later,  will  surely  destroy  the  glazed  surface  of  the  rod, 
causing  ridges  to  be  rapidly  worn,  destroying  the  packing  and  caus- 
ing undue  friction. 

I  remember  a  case  where  a  locomotive  having  jjiston  rods  newly 
packed  with  hemp  would  not  move  with  a  boiler  pressure  of  sixty 
pounds,  with  the  throttle  wide  open.  The  cause  was  the  excessive 
friction  in  the  stuffing  boxes.  A  series  of  exjjeriments  for  the  pur- 
pose of  determining  the  loss  of  power  through  the  friction  of  piston 
and  valve  rods,  in  passing  through  stuffing  boxes,  would  confer  a 
boon  upon  engineers.  In  some  instances  I  have  found  it  necessary 
to  repack  a  piston  rod  every  other  day,  until  the  rod  was  taken  out 
and  turned  off.  There  are,  perhaps,  some  who  will  doubt  me  when  I 
assert  that  I  never  saw  an  engine  (nor  do  I  believe  that  there  ever 
was  one)  in  which  I  could  not  find  some  evidence  that  the  j>iston  r0(j 
did  not  travel  in  the  center  of  the  cylinder. 

I  lately  had  occasion  to  examine  a  beam  engine,  having  a  cylinder 
one  hundred  and  ten  inches  in  diameter  and  a  stroke  of  twelve  feet, 
in  which  the  piston  rod  was  twelve  inches  in  diameter,  was  out  of  the 
center  of  the  cylinder  about  three  eighths  of  an  inch,  and  varied  in 
diameter  about  three-sixteenths  of  an  iuch,  besides  it  was  neither 
round  nor  straight,  and  ran  at  a  speed  of  three  hundred  and  seventy- 
two  feet  per  minute. 

It  would  be  a  very  difficult  matter  indeed  to  keep  a  fibrous  packing 
tight  under  the  foregoing  circumstances.  In  the  following  remarks 
I  refer  more  particularly  to  horizontal  engines.    In  fitting  up  pistons, 
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there  are  numerous  operations,  all  of  which,  if  not  accurately  per- 
formed, have  a  tendency  to  throw  the  rod  out  of  the  center.  To 
illustrate :  the  lathe  center  may  not  run  exactly  true,  and  this  is  gen- 
erally the  case,  so  that  when  the  rod  is  finished,  and  the  piston  trued 
up,  by  placing  it  upon  stationary  centers,  a  variation  will  be  revealed. 
Again,  granting  that  the  piston  and  rod  are  exactly  true,  in  planing 
up  the  cross  head  there  are  few  men  who  will  turn  out  an  absolutely 
true  piece  of  work  ;  it  will  be  inclined  to  one  side  or  the  other.  If 
gibs  are  to  be  used  upon  the  cross  head,  it  requires  veiy  close  work 
to  align  them  so  as  to  guide  the  piston  rod  exactly  in  the  center  of 
the  cylinder.  I  remember  that,  while  an  apprentice,  the  boss  gave 
me  a  pretty  severe  lecture  one  day  for  boring  a  gland  so  that  it  would 
shake  a  little  upon  the  rod,  and  when  I  asked  why  it  should  fit  better, 
I  was  told  that  "  it  was  to  hold  the  piston  rod  in  line  with  the  cylin- 
der." I  am  convinced  that  a  piston  and  rod  supported  at  one  end  in 
the  bore  of  the  cylinder,  while  the  other  is  guided  by  the  cross  head 
following  the  guides,  should  have  no  rigid  bearing  between  these  two 
points.  Piston  rods  that  have  been  long  in  use  will,  as  a  rule,  be 
found  smallest  in  the  middle,  and  are  of  an  oval  shape  at  the  ends  ; 
as,  for  instance,  the  follower  end  of  the  rod  will  be  worn  most  upon 
the  bottom,  while  the  crank  end  will  be  most  worn  upon  the  top. 
This  is  owing  to  the  constant  inclination  of  the  piston  to  wear  down- 
ward, and  the  cross  head  to  wear  upwards,  as,  for  instance,  upon  a 
locomotive,  while  running  ahead  the  cross  head  bears  almost  con- 
stantly against  the  top  guides,  dropping  only  at  the  ends  of  the 
stroke.  In  running  backwards  the  cross  head  does  not  rise,  but  bears 
constantly  upon  the  bottom  guides.  In  either  case  the  wear  of  the 
piston  is  constantly  downward. 

This  state  of  things  causes  an  angular  movement  of  the  piston  rod 
through  the  stuffing  box,  speedily  destroying  the  packing.  It  is 
customary  upon  locomotives  when  putting  in  a  new  piston  and  rod 
to  set  the  piston  about  a  thirty-second  of  an  inch  high,  thus  destroy- 
ing the  perfect  alignment  at  once.  The  cross  head  which  is  easily 
accessible,  and  where  gibs  are  used,  can  be  raised  while  the  piston  is 
allowed  to  run  until  it  will  not  go  any  longer. 

Keeping  this  illustration  in  mind,  it  will  readily  be  seen  that  if 
there  is  not  enough  room  through  the  stuffing  box  for  the  rod  to  move 
freely,  it  will  make  room  for  itself.  If  it  were  jiossible  to  put  a  rod 
and  piston  exactly  in  line  with  the  bore  of  the  cylinder,  they  would 
not  remain  so  for  any  definite  length  of  time  for  the  reasons  alluded 
to.  To  allow  a  rod,  like  the  one  just  described,  to  move  freely  with- 
out causing  a  leak,  is  the  chief  reason  that  so  many  inventions  have 
been  made  and  jmtents  taken  out,  resulting  in  over  seven  hundred 
failures  without  accomplishing  the  desired  object.     So  long  as  a  pis- 
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ton  remains  in  line,  there  is  little  difficulty  in  keeping  it  tight  with  a 
good  quality  of  fibrous  packing  which  is  entirely  free  from  grit,  but 
as  soon  as  the  glazed  surface  upon  the  rod  is  abraded,  or  the  parts 
get  out  of  line,  it  begins  to  cut,  and  constant  trouble  may  be  expected. 
I  have  seen  new  piston  rods  nearly  destroyed  within  forty-eight  hours 
after  they  left  the  shop.  This  was  caused  by  the  use  of  hemp  that 
had  gritty  substances  in  it.  For  this  and  similar  reasons,  the  atten- 
tion of  early  engineers  was  directed  to  the  substitution  of  some  other 
material  for  hemp.  It  should  be  borne  in  mind  that  wliile  the  cause 
of  the  cutting  of  the  rod  is  generally  attributed  to  the  hemp  packing, 
it  is  more  frequently  caused  by  the  parts  getting  out  of  line,  and  the 
rod  coming  in  contact  with  the  metallic  surfaces  of  the  gland  or 
stuffing  box.  All  the  little  particles  of  metal  removed  by  cutting  are 
caught  in  the  hemp  packing,  and  assist  in  destroying  the  rod.  Ac- 
cordingly, canvas,  rubber,  leather,  wood,  metal,  metal  filings  and 
turnings,  soapstone,  asbestos,  and  combinations  of  different  sub- 
stances were  used  with  a  more  or  less  degree  of  merit,  so  that,  at  the 
present  time,  piston  rod  packing  may  be  classified  under  two  different 
heads,  viz.:  vegetable  or  fibrous,  and  metallic.  To  describe  the  ad- 
vantages of,  and  objections  to,  the  different  fibrous  packings,  would 
require  more  space  than  can  here  be  allowed.  We  have  now  arrived 
at  a  period  where  it  seems  that  an  engine  or  machine  is  expected  to 
develop  the  greatest  power,  wear  the  longest,  and  require  the  least 
expenditure.  The  fact  is,  fibrous  packing  does  not  last  long  enough, 
so  attention  is  directed  to  metallic  packing. 

It  is  an  erroneous  idea,  on  the  part  of  some,  to  suppose  that 
this  is  a  new  thing,  and  we  will  confine  our  attention  to  the 
origin  (so  far  as  known)  and  the  development  of  metallic  packing. 
The  first  of  which  we  have  any  record  was  invented  by  Cart- 
wright,  Nov.  11,  1797.  The  engine  to  which  it  was  applied 
was  constructed  to  use  the  vapor  from  alcohol  instead  of  water.  Cart- 
wright's  packing  consisted  of  flat  metallic  plates  cut  into  segments, 
which  were  pressed  against  the  rod  by  steel  springs  in  the  shape  of 
the  letter  U. 

This  packing  was  afterwards  much  improved  by  Barton,  and  is  re- 
presented by  Pig.  2. 

The  following  description  is  taken  from  Tredgold's  "Treatise  on 
the  Steam  Engine:" 

"  D  is  the  piston-rod,  E  the  box  with  a  ledge  for  the  cast-iron  plate 
i^to  rest  on,  and  another  above  it  to  receive  the  cast-iron  plate  H. 
The  cover  /,  of  the  box  is  secured  by  bolts  in  the  usual  manner  (in 
use  at  the  time),  with  plates  of  lead  in  the  joints  J  and  K 
for  the  purpose  of  making  the  joints  closer.  The  three  principal 
metal  blocks  L,  embrace  the  piston-rod  D,  and  three  wedging  blocks 
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M,  fill  up  the  spaces  between  them.  Two  thin  hoops  N,  of  steel, 
firmly  riveted  together  at  their  ends,  surround  the  outside  of  the 
blocks,  binding  upon  the  rounded  exterior  of  the  blocks,  and  these 
angles  are  left  on  in  the  middle  to  keep  the  hoops  in  their  places.  At 
each  of  the  exterior  angles  of  the  blocks  L,  there  are  two  spiral 
springs  O,  fitted  to  cylindrical  holes,  and  also  provided  with  cylin- 
drical pins  as  those  of  the  piston.  By  these  and  the  elastic  hoops 
the  blocks  L,  are  strongly  pressed  towards  the  piston  rod.  Two  other 
hoops  a,  of  elastic  steel  cut  across,  are  inserted  in  two  grooves  to  be 
in  contact  with  the  rod,  and  serve  to  close  the  joints  more  perfectly. 
They  are  fixed  in  a  similar  manner  to  the  rings  round  the  piston  rod 
before  described.  The  middle  groove  R,  is  formed  between  the  two 
others  to  receive  grease,  and  a  circular  cavity  s,  is  also  made  around 
the  hole  in  the  cover  for  the  same  purpose.  In  constructing,  the  blocks 
X,  should  be  made  accurately  parallel,  otherwise  the  wear  will  be  irreg- 
ular, and  the  springs  will  soon  be  ineffective.  The  blocks  M,  should 
not  wear  unless  the  piston  rod  wears,  and  perhaps  it  will  not  be  steam 
tight  unless  assisted  by  a  hemp  packing  behind  the  hoops  N." 

It  will  be  observed  that  this  packing  is  designed  with  the  expec- 
tation that  the  piston  rod  will  always  move  in  line  and  in  the  same 
plane  with  the  piston  and  cross  head.  There  are  no  provisions  for 
allowing  the  rod  to  rise  or  fall,  but  the  packing  itself  is  intended  to 
grasp  the  rod,  not  touching  the  walls  of  the  stuffing  box.  Should 
there  be  any  deflection  of  the  piston  rod  from  a  straight  line,  as  before 
described,  it  would  cause  a  derangement  of  the  parts,  as  the  packing 
cannot  tip.  In  practice  the  springs  are  insufficient  to  exert  a  uniform 
pressure,  for  as  fast  as  the  metal  is  worn  away  the  springs  are  weak- 
ened, there  being  no  way  to  set  them  up,  and  the  lubricant  used  very 
soon  sticks  the  segments  and  plates  fast  so  that  they  will  not  work. 

A  thin  wiry  edge  forms  upon  the  ends  of  the  blocks  at  their  sides 
as  they  are  worn  away,  which  causes  the  parts  to  open,  thereby  caus- 
ing a  leak  and  much  annoyance. 

Three  flat  metal  rings  were  next  tried,  similar  in  construction  to 
the  old-fashioned  piston  spring  packing  as  used  upon  locomotives, 
only  the  springs  were  applied  outside.  The  trouble  with  this  plan  was, 
that  whl'e  in  pushing  the  rings  apart  as  Ln  a  piston  they  worked  well ; 
when  placed  in  a  stuffing  box  and  pressed  together,  the  wear 
caused  the  ends  of  the  rings  to  meet,  thus  preventing  them  from 
closing  tightly  around  the  piston  rod,  which  greatly  limited  their 
durability.  Difficulties  were  encountered,  such  as  the  parts  getting 
out  of  line,  etc. 

Allen  and  Noyes,  Nov.  6th,  18-47,  took  out  a  patent  which  developed 
some  new  features,  and  is  represented  by  Fig.  3.  A  is  the  piston 
rod  ;  B.  a'  section  of  the  cylinder  head  ;   (7  is  an  iron  sleeve  fitted  to 
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the  stuffing  box  and  tapered  on  the  inside,  as  shown.  Babbitt  metal 
rings,  represented  by  J),  are  turned  to  fit  the  sleeve  C,  and  bored  to 
fit  the  rod  A.  Each  ring  is  cut  so  as  to  allow  it  when  worn  to  close 
around  the  rod.  These  rings  are  pressed  down  by  the  springs  E, 
which  are  held  in  position  by  the  cap  or  gland  F.  It  will  be  noticed 
that  the  same  principle  adopted  by  Watt  (of  the  conical-shaped  cavity 
into  which  fibrous  packing  was  pressed,  thereby  causing  it  to  close 
around  the  rod)  is  used  in  this  packing — only  metal  is  used  instead 
of  fiber.  The  trouble  with  this  style  of  packing  was  that  it  was  too 
rigid,  making  no  allowance  for  the  deviation  of  the  rod  from  a  straight 
line  ;  moreover  the  pressure  of  steam  would  press  the  rings  back 
against  the  springs  which  were  too  weak  to  resist  so  great  a  pressure. 
If  the  springs  were  made  strong  enough  to  resist  the  pressure  of  the 
steam,  they  would  cause  the  rings  to  wedge  too  tightly  in  the  conical- 
shaped  cavity.  Practically  these  springs  have  been  abandoned,  and 
a  ring  of  fibrous  packing  used  instead.  The  same  principles  em- 
bodied in  this  packing  have  since,  with  some  slight  alterations,  been 
patented  over  and  over  again.  The  inventor  claims  to  allow  for  a 
direct  lateral  movement,  but  practically  the  lubricant  soon  sticks  the 
iron  ring  fast  so  that  it  will  not  move.  Steam  is  prevented  from 
escaping  by  a  composition  ring  G-,  having  ground  joints. 

Other  improvements  followed  the  one  described,  and  F.  J.  John- 
son took  out  a  patent  February  10,  1863,  in  which  steam  was  first 
used  to  close  the  rings  around  the  rod,  and  also  to  hold  the  rings  in 
place,  but  the  rings  were  of  a  flat  form,  similar  to  those  of  Cartwright. 

Another  patent  was  taken  out  April  21,  1874,  by  Messrs.  Gilmore 
and  Carter,  in  which  a  ball  joint  was  introduced  for  the  first  time, 
which  permitted  the  packing  to  tip  and  accommodate  itself  to  a 
slight  angle  of  the  rod,  also  to  a  lateral  movement.  The  ideas  em- 
bodied in  this  packing  were  good,  but  the  inventor  did  not  go  far 
enough.  The  two  ball  joints  at  the  top  and  bottom,  as  constructed, 
could  not  work  in  harmony  with  each  other,  and  there  was  no  way  of 
compensating  for  wear.  A  packing  allowing  a  free  movement  in  any 
direction  was  finally  invented  by  one  Martin  Schneble,  June  11,  1878- 

This  packing  embodies  the  conical  shape  of  Watt,  only  the  cones 
are  reversed,  and  the  spring,  or  pressure,  to  hold  them  is  put  on  the 
steam  side  instead  of  outside,  the  operation  of  which  will  very  readily 
be  understood  by  referring  to  Fig.  4,  where  a  represents  a  sectional 
view  of  a  cylinder  head,  b  the  piston  rod,  and  C  a  cap  to  hold  the 
packing.  This  cap  is  fastened  to  the  cylinder  head  by  means  of  studs, 
or  bolts  ;  the  hole  is  bored  larger  than  the  rod,  and  the  inside  is  turned 
to  make  a  ball  joint  for  the  reception  of  the  brass  ring  d.  A  cast- 
iron  ring  e,  is  bored,  tapering  as  shown,  making  a  flat  sliding  joint 
against  the  ring  d,  while  the  white  metal  packing  rings  f,  are  turned 
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to  fit  the  inside  of  the  ring  e.  making  steam-tight  joints  upon  each 
other.  These  rings  are  cut  through  upon  one  side,  and  a  small 
section  taken  out,  so  as  to  allow  about  one  eighth  inch  opening.  The 
brass  collar  g  is  attached  to  the  end  of  a  spring  h,  by  which  it  is 
pressed  against  the  packing  rings  holding  them  in  position. 

I  claimed  at  the  outset  that  a  piston-rod  packing  should  allow  the 
rod  to  move  freely  in  all  directions,  at  the  same  time  preventing  the 
escape  of  steam.  It  should  be  made  of  a  material  which  will  not  cut 
or  wear  away  the  rod. 

I  find  by  investigation  that  the  packing  represented  by  Fig.  4 
appears  to  possess  these  requirements,  as  will  be  understood  from 
the  following  description  :  The  holes  through  the  cap  C,  and  cylinder 
head  a,  are  much  larger  than  the  rod  b,  so  that  by  the  application  of 
the  sliding  joint  between  the  rings  d  and  e,  the  rod  can  move  freely 
up  and  down,  while  the  ball  joint,  between  d  and  c,  allows  the  rod  to 
work  at  an  angle  ;  thus  by  this  combination  the  difficulties  before 
alluded  to  are  entirely  overcome. 

Another  valuable  feature  is  that  by  making  the  area  small  at  the 
end  of  the  rings/",  and  the  conical  cavity  at  a  proper  angle,  the  steam 
cannot  cause  unnecessary  friction  upon  the  piston  rod,  and  the  resist- 
ance is  found  to  be  a  great  deal  less  than  with  fibrous  packing  The 
rings/',  if  made  of  lead  or  similar  soft  metal,  will  necessarily  catch 
grit  and  wear  away  the  rod,  but  when  made  of  a  proper  mixture  of 
an ti  friction  metal  exhibit  great  durability.  I  have  known  a  set  of 
this  packing  applied  to  a  locomotive  to  run  a  distance  of  118,677 
miles  without  being  touched  by  the  engineer  or  any  other  person. 
The  piston  rod  at  the  end  of  that  time  was  reduced  in  diameter  less 
than  one-sixty-fourth  of  an  inch,  and  was  highly  polished.  I  noticed 
by  an  examination  of  some  packing,  embodying  the  foregoing  prin- 
ciples, and  used  upon  the  Sixth  Avenue  elevated  railroad  in  this  city, 
that  some  of  the  rings  f,  are  inclined  to  wear  more  upon  one  side 
than  upon  the  other,  which  is  owing  to  the  deflection  of  the  spiral 
spring  h. 

This  difficulty  may  be  easily  overcome  by  the  introduction  of  a  ball 
instead  of  the  present  flat  joint  between  the  collar  g,  and  the  ring  f, 
which  will  allow  the  spring  to  push  equally  on  all  sides,  thus  remov- 
ing any  inclination  on  the  part  of  the  spring  to  tip  the  rings- 

The  addition  of  the  ball  and  sliding  joint,  of  Schneble,  to  the 
packing  of  Cartwright,  as  shown  in  Fig.  2,  when  applied  in  principle 
to  flat  rings  upon  large  engines,  has  proved  equally  successful.  It 
would  appear  from  the  foregoing  investigations  that  if  the  Schneble 
invention  (the  ball  in  combination  with  a  sliding  joint,  allowing  a 
free  movement  of  the  piston  rod  in  all  directions)  had  been  applied  to 
some  other  segmental  packings,  they  too  might  have  proved  successful. 
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DISCUSSION. 

Mr.  Hemenway — The  packing  shown  in  Fig.  3,  with  a  very 
slight  modification,  I  know  to  have  been  in  use  in  one  railroad-shop 
in  this  country  for  twenty  years. 

I  know  it  to  be  in  use  there  to-day. 

Their  practice  to-day  is,  when  they  buy  a  locomotive  to  immediately 
remove  the  head,  square  out  the  bottom  where  it  is  chamfered,  and 
instead  of  putting  in  a  cast-iron  collar,  they  put  in  a  bronze  collar, 
making  it  at  least  one-fourth  of  an  inch  less  in  diameter  than  the 
recess.  They  have  no  springs  on  their  follower  and  no  fibrous 
substance  whatever.  They  put  a  check-nut  under,  on  each  side  of 
the  follower,  and  they  run  that  packing  with  the  very  best  results 
If  their  valve  stem  is  not  exactly  straight  they  make  it  so.  I  know 
that  they  are  using  it  to-day,  because  within  the  past  week  I  was  in- 
their  works  and  saw  a  man  making  the  packing. 

Mr.  Lyne—\  did  not  mention  what  the  material  was  of  which  the 
ring  in  the  bottom  of  the  stuffing  box  is  made  ;  in  this  case  it  is  bronze. 

Mr.  Sterling — -I  used,  I  think,  about  twelve  sets  of  packing  on  the 
engines  of  the  elevated  roads  as  shown  in  Figs.  3  &  4,  and  I  can 
bear  testimony  to  the  excellent  results  from  the  packing  shown  in 
Fig.  4. 

Prof.  Sioeet — I  believe  the  parties  who  own  that  patent  claim  that 
it£is  of  some  value.  I  would  like  to  give  the  date  that  my  arrange- 
ment antedates  it,  but  it  was  considerably  before  1878.  I  think 
there  was  an  engine  with  it  running  in  the  Centennial. 
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CUSHION  ADJUSTMENT  IN  ENGINES. 


BY    S.    \V.    ROBINSON. 

Prof.  Mech.  Eng.,  Ohio  State  University. 

The  following  deductions  are  applicable,  with  a  greater  or  less 
degree  of  nicety,  to  steam  engines,  air  engines,  air  compressors,  &c. 

The  subject  has  been  treated  by  several  prominent  writers,  and 
rules  have  been  given  for  adjustment,  some  of  which  are  much  sim- 
pler than,  and  give  quite  different  results  from,  others.  The  present 
object  is  two-fold  ;  first,  to  determine  what  rule  deserves  acceptance 
by  such  as  prefer  to  know  what  they  are  doing ;  and  second,  to  adapt 
the  rule  to  ready  practical  application. 

The  simplest  is  indorsed  by  Prof.  H.  T.  Eddy,  of  the  University  of 
Cincinnati,  and  credited  to  Hartnell  and  to  Gray.  See  Van  Nos- 
trand's  Science  Series,  No.  45,  pp.  157  and  150.  This  ride  may  be 
stated  thus :  the  initial  cushion-volume  is  to  the  cylinder-volume, 
as  the  clearance-volume  is  to  admission-volume,  all  volumes  being 
reckoned  from  the  bottom  of  the  clearance.  A  rule  given  by  Cot- 
terill  in  "The  Steam  Engine,"  See  p.  220,  Eq.  A,  is  quite  different  in 
appearance  and  results,  as  well  as  being  sadly  wanting  in  conven- 
ience of  application.  The  equation  is  irresolvable  in  terms  of  the 
quantity  usually  wanted. 

The  first  ride  named  would  give  no  cushion  for  non-expansive  cyl- 
inders, while  the  second  one  would,  as  any  rule  evidently  should. 

In  the  place  of  reviewing  one  or  both  of  the  tedious  and  indirect 
processes  and  discussions  by  which  these  rules  have  been  obtained, 
let  us  adopt  a  direct  rational  course  to  the  rule  sought.  In  this 
let  us  adopt,  with  others,  the  hyperbolic  law  of  expansion  and  com- 
pression. Though  this  law  is  not  in  strict  accord  with  the  known 
theory  of  expansion-curves,  except  the  isothermal  curve  of  gases,  yet 
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in  practice,  it  is  found  to  represent  the  actual  curves,  in  most  cases, 
in  steam-engines  at  least,  better  than  the  so-called  theoretical  ones. 

Take  Fig.  1  as 
the  general  form 
of  diagram,  with 
the  volumes  and 
pressures  as  indi- 
cated, viz.:  P,,  P„ 
P3,  as  the  absolute 
pressure  of  admis- 
sion of  release, 
and  of  exhaust  re- 
spectively ;  and  vt,  vs,  v3,  vt,  vt,  ux,  as  the  absolute  volume  of  admis- 
sion, of  release,  of  initial  compression,  of  clearance,  of  compression 
carried  to  P,,  and  of  some  volume  greater  than  that  of  the  cylinder. 
The  stroke  is  represented  by  J  G. 

Now  for  a  basis  to  the  solution :  Take  the  cushion  line  BMI  in  such 
position  that  if  varied  a  trifle  to  some  other  very  near  position,  as  at 
B,  a  certain  small  area  M  B  I  S  M—da  will  be  taken  from  the  dia- 
gram, while  the  volume  of  cushion  compressed  to  Pj  will  be  greater 
by  d  (wt — vt).  The  volume  of  steam  admitted  will  be  w, — wb,  vt  be- 
ing that  restored  by  the  cushioning.  Then  it  seems  evident  that 
the  best  adjustment  is  obtained  when 

d  (Wj — ws):  (v, — 1>6): :  da:  a,  or 

da      =_a__ 

d  (w, — vb)     y, — vt 

That  is,  the  adjustment  should  be  such  that  by  varying  it  slightly 
the  change  occasioned  thereby  in  the  steam  admitted,  is  to  the  whole 
steam  admitted,  as  the  change  of  area  of  diagram  is  to  the  whole 
area  of  diagram.  A  reference  to  Fig.  1  shows  that  if  the  cushion  be 
so  adjusted*  that  the  cushion-line  takes  off  but  a  very  little  of  the 
corner  of  the  diagram,  a  considerable  change  of  cushion-adjustment 
affects  the  ratio  of  steam  admitted  before  and  after  more  than  it 
does  the  areas,  before  and  after.  But  if  the  cushion  be  great  the 
similar  change  in  the  steam-ratio  is  less  than  the  area-ratio.  This 
latter  is  seen  to  be  true  because  the  width  ES,  of  the  elementary 
area  is  greater  at  S  than  at  B  ;  and  when  the  length  I  M  is  great, 
this  area  I  S  M  E  is  a  larger  part  of  «,  than  the  corresponding 
change  in  the  steam  admitted  is  of  the  whole  steam  admitted,  conse- 
quently Eq.  1  is  not  only  possible,  but  is  the  true  guide  to  the  de- 
sired adjustment. 

But  Eq.  1  is  not  adapted  to  practical  use,  the  quantities  being 
too  indefinitely  expressed.     The  first  number  being  obtained  from 
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the  second  by  differentiation,  it  will  be  necessary  to  first  obtain  the 
second.     "With  the  notation  above  indicated,  we  have 

Area  CDEEKC  =  P,  (B.-ti.l-fy  Tdv-'P,(v,-vt) 

=  P,  (v,  — v.  )+F,v  hyp.log.— — P,(«„— v.) 

1    \      1  >'  1      1      JI  b    ^  ,\     ,  4 

Area  MIKM=  f?dv—  Ps(«3  —  w4)=P,«ahyp.log.^-  —  Pa(o,  —  u4) 

v4 

Area  of  diagram  CDEFIMC=« (2) 

u  v 

=P,0>i  — ^4)  — P3(ua  —  y3)  +  Pivi  U>T-  lo»— -— P3U3  UVP-  log-5" 

Also,  we  have  for  hyperbolic  expansion 

P  v 
P1v3=P3t)3  or  y6=  -^-^ 

Hence 

«,-»,=«,- -^      ...         (3) 

In  varying  the  cushion  we  vary  w3  in  Eqs.  2  and  3,  and  that  only. 
Hence 

da 

da     do, 

d(vt  —  vb)~dv~b (4) 

dv% 
the   numerator   being   obtained   from  Eq.  2   and  the  denominator 
from  Eq.  3, 

Hence,  after  reduction, 

i—  =  —  P,hyp.log  — 
di\  3  Jl      6  v< 

dv,_~P, 

dv~  P, 

Introducing  these  values  into  Eq.  4  and  Eq.  4  into  Eq.   1   gives, 

after  reduction, 

v  v 

P,(y,—  v,)  —  P„(y„—  «,)  +  P,w,  hyp.log  — — P,v,  hyp.log— =0 

1\    1  4'  aV    n  a/  i     i      Jl         O    v  l     i      Jl         O,0^ 

or  P,(o- u4)  —  P,(«,— «,)—  P,«,hyp.log^  -3-=0  .         .         .  (5) 

Assume 

V+=^ (6) 

vt       v 

a  condition  which  makes,  See  Fig.  2, 

OP  :  OH  : :  AD  :  AC, 

where  wx  =  OP. 
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Introducing  the  second  ratio  for  the  first  into  Eq.  5,  and  observing 
that 

P,y,=P2v2 
we  finally  obtain, 

Pi  (v^vj  -  Pa  («,-»,)  +  P^  hyp.  log.—     .  .    ,    (7) 


Equation  5  contains  the  quantity  sought,  viz.,  w3,  and  other  quan- 
tities which  in  a  particular  case  would  usually  be  known.  Hence, 
we  have  only  to  solve  the  equation  for  v3.  But  this  can  only 
be  done  by  a  series  of  approximations.  This  makes  the  practical 
application  of  Eq.  5  too  tedious,  and  engineers  will  guess  at  the  adjust- 
ment rather  than  use  it.  We  must  therefore  look  to  some  other 
means  for  utilizing  the  residt,  than  the  processes  of  algebra. 

Trying  the  graphical  or  diagrammatic^method,  we  see  that  in  com- 
paring Eq.  7  with  Fig.  1,  the  term 


px  («i-w4)=area  CDNJC 
P,  (i?,— t),)=area  F  G  H  I  F 

P3  y3  hyp.  log.— =area  E  Q  P  G  E  . 


(1) 
(2) 

(3) 


The  first  is  that 
indicated  by  vertical 
shading  D  J,  Fig.  2. 
The  second  area  is 
G  I,  and  the  third 
G  Q,  indicated  in 
horizontal  shade- 
lines.  The  indicator- 
diagram  is  C  D  E  F 
I  M.  According  to 
Eq.  7  the  area  in 
horizontal  s  h  a  d  e- 
lines  must  equal 
that  in  vertical  shade-lines,  and  according  to  Eq.  6  we  must  at  the 
same  time  have  AC:OH:AD:OP,  a  relation  easily  obtained  by 
the  lines  H  C  and  P  D  meeting  on  0  A. 

In  practice,  one  of  these  conditions  is  involved  in  the  other ;  that 
is,  if  we  assume  equal  areas  the  proportion  will  not  come  out  right, 
and  if  we  assume  a  correct  proportion,  the  areas  will  not  come  out 
equal.  Hence  we  have  trouble  again  for  the  direct  solution.  Even 
if  direct,  the  care  and  labor  involved  in  securing  the  desired  accuracy 
would  be  fatal  to  the  practical  application. 
Fig.  2  indicates  that  when  the  points  H  and  P  are  determined  cor- 
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rectly  according  to  Eq.  6,  also  the  areas  1  and  3  fixed,  the  area  2  may 
be  varied  by  raising  or  lowering  the  back-pressure  line  I  F,  and  thus 
an  equality  of  areas  be  obtained.  But  in  practice  the  backpressure  is 
usually  one  of  the  given  quantities,  and  if  the  back-pressure  required 
to  balance  the  areas  is  not  that  given,  a  new  trial-diagram  is  necessary, 
with  different  points  H  and  P.  By  collecting  such  results  a  table 
could  soon  be  written  out  from  which  any  practical  problem  may  be 
readily  solved. 

Hence,  in  a  table  we  have  the  key  for  practicalizing  the  problem. 
The  following  table  was  worked  out  by  using  a  diagram  like  Fig.  3, 
with  the  area  A  D  N  O  divided  into  ten  parts,  five  of  which  are  shown 
in  Fig.  3,  the  ten  areas  being  equal  to  each  other. 


A 

c 

D 

E 
F 

Q 

C 

> 

H 

* 

C 

Fie.3. 


Areas  were  also  set  off  under  the  expansion-line  D  E  Q,  between 
vertical  lines,  the  same  being  equal  to  each  other  and  also  equal  to 
those  in  A  D  N  O,  as  shown  in  Fig.  3.  The  distances  from  O,  of  the 
lines  beyond  N,  are  in  geometrical  progression,  and  hence  the  lines 
can  be  distributed  with  accuracy,  not  only  as  regards  two  in  prox- 
imity, but  remote  as  well.  The  diagram  was  employed  thus :  for 
example,  assume  A  C,  the  clearance -—\  A  D  ;  and  E  G  the  end  of 
the  indicator-diagram.  Then  take  P  the  point  for  vx,  one-fifth  of 
which  is  i>3,  at  H,  according  to  Eq.  6.  The  eye  will  guide  in  taking  P, 
so  that  the  area  E  P  will  be  less  than  the  area  C  N.  Then  the  dotted 
line  I  F  is  to  be  taken  at  such  height  as  to  make  the  area  I  G,  added 
to  E  P,  equal  C  N,  according  to  Eq.  7.  The  height  H  I  is  readily 
found  for 

H  Ixl  F=Area  C  N-area  E  P. 

A  considerable  number  of  properly  related  quantities  were  thus 
obtained  and  used  in  constructing  certain  curves,  from  which  the 
values  in  the  table  were  obtained  for  the  particular  tabular  "  argu- 
ments "  assumed. 
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Note. — In  this  table 

t>4=vol.  of  clearance.  »2=vol.  of  cylinder+clearance. 

e1=vol.  of  admission + clearance.  »s=vol.  of  cushion + clearance. 

P!=absolute  pressure  of  admission.  P8=absolute  exhaust  pressure. 

That  is,  suppose  there  be  added  to  the  stroke-volume,  a  volume  whose  diameter 
is  that  of  the  cylinder,  and  length  such  that  its  volume  equals  the  clearance- 
volume.     This  volume  is  included  in  all  the  volumes  named  in  the  table  or 
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The  most  convenient  result  for  use  is  the  point  in  return-stroke, 
at  which  the  cushion  or  compression  should  begin.  This,  divided  by 
the  stroke,  is 

«„— y„     1  —  a     1  —  cr.  tab.  value     return  to  cushion. 


u2— vt     1—c  1—c  return-stroke. 

This,  multiplied  by  the  length  of  stroke  in  inches,  gives  the  dis- 
tance in  inches  of  return-stroke  to  where  the  cushion  is  to  begin. 

Examples. 

To  illustrate  the  application  of  the  table,  the  following  examples 
are  worked  out : 

P 

First.— Given  c=0.1,  r=2.0  ^-=6.0 

p 

Then  by  interpolating  between  1.7  and  1.8  in  top  line,  for^=  6, 

in  the  body  of  the  table,  we  find  —    =  1.77  =  tab.  value. 
cr 

.  ■ .   actual  return  to  cushion      1—cr. tab.  value. 


actual  return-stroke.  1—c 

1-0.1x2.0x1.77     .646_ 
~_        1-0.1  _.9     : 


718 


Hence  the  effective  exhaust-valve  closure  should  occur  at  something 
less  than  three-fourths  of  the  return-stroke,  while  the  cushion-length 
is  1— .718=.282. 

Second. — Given  the  clearance-volume =100  cubic  inches.  The 
actual  cyl.  vol.  or  piston  displacement =900  cubic  inches.  Piston 
displacement  at  time  of  cut-off  =650  cubic  inches.  The  forward 
pressure=90  lbs.  absolute,  or  75  lbs.  by  steam-guage.  Exhaust- 
pressure,  one  atmosphere,  or  15  lbs.  Then,  the  value  to  look  for  in 
the  first  column  of  table,  under  "  c  "  is 


in  this  note,  and  should  always  be  subtracted  from  c3  when  the  latter  is  obtained 
from  the  table.     The  "  ratio  of  expansion  "  above  is — 
vol.   of  cylinder -(-clearance. 
,—  vol.  of  admission  +  clearance. 

Ratio  of  clearance, 

vol.  of  clearance. 
c~  vol.  of  cylin.  +  clearance. 

Ratio  of  cushion, 

vol.  of  cushion+clearance. 


vol.  of  cylinder+clearance. 
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100      =0  1 
900  +  100 

and  in  the  second  column,  under  r,  is 

900  +  100      4 

650+l00fr  ; 

The  ratio  of  pressures  to  be  found  in  the  body  of  the  table  is 

90  lbs.  absolute  pressure_ 

15  lbs.  back-pressure 

Now,  turning  to  the  table  we  find  the  first-column  value,  0.1,  to  be 
in  the  upper  third  of  the  table.  The  second-column  value,  1.333,  lies 
between  the  1  and  2  of  that  column,  and  one-third  the  way  from  1  to 
2.  Hence  the  6,  to  be  found  in  the  body  of  the  table,  must  be  oppo- 
site this  1.333.  Interpolating  for  one-third  the  way  from  3.2  to  8.0 
we  get  4.8,  and  for  one-third  the  way  from  3.8  to  11.3  we  get  6.3. 
Hence  the  value  in  the  top  row  is  between  1.9  and  2.0,  and  nearest  2.0, 
because  6  is  nearer  6.3  than  4.8.  By  taking  one-fifth  this  difference 
from  6.3  we  get  6,  and  hence,  by  taking  one-fifth  the  difference  of 
1.9  and  2.0  from  2.0,  we  obtain  1.98  for  the  tabular  value.  But  by 
the  rule, 
return  to  cushion     1  —  cr  tab.  val.     1— .  1  v 4 X 1 . 98         „,„ 

return  stroke  1  —  c  1— .1 

Hence  the  piston  makes  .818  of  the  return  stroke  when  cushion  be- 
gins, and  the  length  of  the  cushioning  is  1 — .818=. 182  of  the  stroke. 

p 
Third.  Takee=0.08,         r=l  and  -=^  =  8 

Then,  in  the  "c  "  column,  0.08  lies  two-fifths  the  way  from  0.1  to 
0.05.  And  r  being  1,  we  must  interpolate  for  the  8  in  the  body  of 
the  table,  as  lying  two-fifths  the  way  from  r=l  in  the  upper  third 
to  r=l  in  the  middle  third  of  the  table,  or  from  6.2  to  5.0=5.7,  and 
from  25.0  to  11.0=19.4.  Between  the  5.7  and  19.4,  8  is  one-sixth 
the  way,  and  so  we  add  to  2.2  of  the  top  line  one-sixth  the  difference 
between  2.2  and  the  next  value  2.4,  giving  the  quantity  2.23  as  the 
tabular  value.     Hence, 

return  to  cushion     l-cr2.23__ l-.08xlx2.23 

return  stroke  1  —  c  1— .08 

822 

=  -—   =  .  893,  and  length  of  compression  .  107. 

The  same  examples  above  have  been  worked  out  by  Hartnell's 
rule,  as  given  by  Eddy.  The  results  for  the  length  of  the  cushion- 
ing or  compression  are  the  values  .111,  .038  and  0  respectively.  To 
make  a  better  comparison  of  the  results  of  the  two  rules,  we  may 
arrange  them  as  follows : 
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Length  of 

CushioD.  Stroke  =  1 

Example 1  2                 3 

Above  rule 282  .182             .107 

Hartnell's  rule Ill  .038             .000 

The  wide  disparity  of  these  results  would  suggest  that,  if  both 
rules  are  reasonably  correct,  and  may  be  used  indifferently  with  dis- 
crepancies which  are  " insignificant "  See  Dr.  Eddys  book, p.  159,  we 
might  abandon  all  rules,  and  go  on  guessing.  But  the  latter  pro- 
cess would  be  thoroughly  unscientific,  as  would  also  be  the  adoption 
of  either  rule  blindly.  The  rule  already  stated  as  given  by  Cotterill 
See  p.  229,  Eq.  A,  is  the  same,  in  substance,  as  we  have  obtained 
above  and  given  in  Eq.  5,  and  hence  the  above  values  .219,  .182 
and  .107  may  be  regarded  as  results  of  Cotterill's  rale.  We,  there- 
fore, have  eminent  authority  for  both  sets  of  results,  an  inspection 
of  which  would  seem  sufficient  to  forbid  the  advocacy  of  indiscrim- 
inate use  of  the  rales. 

Besides  the  evidence  of  correctness  found  in  the  above  solution, 
and  its  concurrence  with  the  high  authority  of  Cotterill,  let 
us  put  the  two  rales  on  their  merits.  Eddy's  preference  for 
Hartnell's  is  evidently  on  the  ground  of  simplicity,  which,  in- 
deed, it  possesses  in  a  high  degree.  Cotterill's  rule,  however, 
is  not  objected  to  in  theoiy,  and  is  stated  to  be  based  upon  the 
principle  of  obtaining  "the  greatest  external  work  per  pound  of 
steam  with  given  clearance,  given  expansion  and  given  forward  and 
back-pressures."  This  evidently  represents  the  practical  problem 
exactly,  while  Hartnell's  rule,  founded  upon  a  comparison  of  two 
indicator-cards  of  one  pound  of  steam  and  equal  piston-displacements, 
one  having  clearance  and  the  other  none,  does  not.  This  fact,  to- 
gether with  the  above  numerical  figures  woidd  leave  no  question  as 
to  choice  of  rales  by  those  who  seek  to  be  correct  in  spite  of 
simplicity. 

It  is  with  a  view  to  relieving  the  practical  difficulty  in  the  way  of 
this  truth,  that  the  above  auxiliary  table  has  been  worked  out  at  the 
price  of  much  labor. 


[transactions  or  the  American  society  of  mechanical  engineers.] 

ON  PRACTICAL  METHODS  FOR  GREATER  ECONO- 
MY OF  FUEL  IN  THE  STEAM  ENGINE. 

BY    ALLAN    STIRLING. 

Read  at  the  Annual  Meeting,  1880. 

The  use  of  steam  as  a  motive  power  has  become  so  widely  dif- 
fused, and  it  is  such  an  important  factor  in  out  modern  civilization 
that  it  is  not  surprising  that,  at  this  first  annual  meeting  of  the  Ameri- 
can Society  of  Mechanical  Engineers,  a  paper  should  be  read  relat- 
ing to  its  economy.  Our  manufactories,  railroads,  and  ships  owe  a 
debt,  which  is,  perhaps,  not  fully  appreciated,  to  this  wonderful 
power ;  even  the  electric  light,  which  promises  such  great  things, 
depends  on  steam  for  its  success.  In  my  early  days,  one  of  the  fa- 
bles of  the  school-books  was  about  three  giants  representing  wind, 
water,  and  steam ;  the  marvels  performed  by  the  giant  steam  seemed 
impossible,  and  yet  in  these  days  those  marvels  are  more  than  real- 
ized. In  the  "  Arabian  Nights  Entertainment  "  we  have  the  fable  of 
Aladdin's  Wonderful  Lamp,  and  when  we  read  it  we  think  of  it  sim- 
ply as  a  dream  of  the  imagination  ;  but  this  wonderful  power  of 
steam  has  produced,  and  will  continue  to  produce,  more  marvelous 
results  than  the  rubbing  of  the  magic  lamp. 

In  this  paper  on  engine-economy  it  is  not  intended  to  exhaust  the 
subject,  but  simply  to  introduce  it,  with  the  expectation  that  from 
the  members  of  this  Society  there  will  be  many  contributions  which 
will  throw  light  on  this  important  subject,  in  which  every  one  of  us 
is  more  or  less  directly  interested.  The  motto  of  our  profession  is 
"Excelsior,"  and  while  we  may  look  with  complacency  on  the  econom- 
ic results  already  achieved,  we  should  not  be  satisfied  but  aim 
higher. 

In  the  discussion  of  this  question  it  has  been  customary  to  speak 
of  the  engine  and  boiler  separately,  but  to  obtain  the  best  results 
the  two  should  be  studied  together  :  the  one  should  be  built  for  the 
other,  and  with  a  mutual  relation  the  one  to  the  other.  In  my  prac- 
tice I  have  come  across  engines  that  were  all  right  for  the  most 
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economical  results,  while  the  boilers  would  be  so  weak  as  to  be  only 
capable  of  carrying  a  very  moderate  pressure  of  steam.  On  the 
other  hand,  I  have  met  with  boilers  that  were  strongly  built  and 
well  designed  in  every  respect,  while  the  engine  was  so  constructed 
as  to  waste  the  largest  part  of  the  power  of  the  steam.  In  the  fol- 
lowing paper  it  is  my  intention  to  discuss  the  engine  and  boiler  as 
parts  of  the  whole  mechanism  for  the  production  of  power,  and  in 
their  mutual  relations  the  one  to  the  other. 

In  designing  and  constructing  our  motive  power  we  should  keep 
in  mind  the  importance  of  the  work  that  is  before  it.  One  hundred 
revolutions  a  minute  mean  one  hundred  and  forty-four  thousand 
revolutions  in  twenty-four  hours.  The  evaporation  of  one  hundred 
cubic  feet  of  water  an  hour  means  twenty-four  thousand  tons  of 
water  in  a  year.  The  consumption  of  fifteen  tons  of  coal  for  twenty- 
four  hours  is  equal  to  four  thousand  five  hundred  tons  in  a  year,  and 
the  saving  of  one  pound  of  coal  per  horse  power  per  hour,  on  a 
steamship  of  two  thousand  horse  power,  is  equal  to  three  thousand 
tons  of  coal,  or  ten  thousand  dollars  per  annum. 

In  the  discussion  of  steam-power  the]  first  question  that  j^resents 
itself  is  "  What  pressure  of  steam  shall  we  carry  V  Of  course,  the 
higher  the  pressure  the  greater  the  economy,  but  that  is  indefinite. 
Where  shall  we  stop?  When  Watt  left  the  steam-engine  the  press- 
ure carried  did  not  exceed  fifteen  pounds  per  square  inch.  The 
average  pressure  now  carried  in  practice  is  somewhere  about  seven- 
five  pounds  per  square  inch,  or  about  five  times  the  pressure  used 
by  Watt.  This  increase  of  pressure  and  consequent  expansion  has 
resulted  in  a  marked  economy.  While  Watt  used  ten  pounds  of 
coal  per  horse-power  per  hour,  we  are  regularly  working  with  about 
two  and  a  half  pounds  of  coal  per  horse-power  per  hour.  You  will 
all  agree  with  me  that  the  adoption  of  a  still  higher  pressure  and  a 
greater  expansion  will  result  in  still  greater  economy,  and  it  has 
seemed  to  me  that  at  the  present  stage  of  progress,  and  with  the  ma- 
terials at  hand,  we  may  go  to  five  times  as  much  pressure  as  we  now 
carry.  With  the  materials  at  our  hand,  we  can  make  boilers  that 
will  work  at  a  pressure  of  three  hundred  and  seventy-five  pounds 
per  square  inch,  and,  with  this  pressure  to  begin  on,  we  can  make  an 
economical  compound  engine,  with  high  and  low-pressure  cylinders. 
This  would  enable  us  to  expand  so  that  the  terminal  pressure  would 
be  one-twenty-fifth  of  the  initial  pressure.  There  maybe  some  dif- 
ference of  opinion  as  to  the  advantage  of  compound  engines  working 
at  a  pressure  of  seventy-five  pounds  per  square  inch.  There  could 
be  no  room  for  difference  of  opinion,  if  the  steam  pressure  was  three 
hundred  and  seventy-five  pounds  per  square  inch.  If  the  consump- 
tion of  coal  at  seventy-five  pounds  pressure  and  one-fifth  expansion 
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is  two  and  a  half,  then  the  consumption  of  coal  at  three 
hundred  and  seventy-five  pounds  pressure  and  one  twenty- 
fifth  expansion,  would  be  one  and  a  half  pounds  per 
horse-power  per  hour.  But  how  can  we  build  a  boiler  that 
will  successfully  continue  to  carry  that  great  pressure?  No 
part  of  the  science  of  engineering  deserves  more  care  or  forethought 
than  the  designing  or  constructing  of  boilers,  and,  perhaps,  it  is 
more  neglected  than  any  other.  It  is  a  common  practice  to  make 
drawings  for  boilers  with  the  outlines  only  marked,  but  the  staying 
and  bracing  (the  most  important  part  of  all)  is  left  for  the  foreman 
of  the  boiler  shop  to  fill  in.  With  our  present  and  prospective  high 
pressures,  every  rivet  and  stay  should  be  carefully  designed  and 
clearly  marked.  In  designing  a  boiler  to  carry  three  hundred  and 
seventy-five  pounds  per  square  inch,  there  are  several  things  to  be 
considered  in  addition  to  the  strength.  There  is  the  proper  com- 
bustion of  the  fuel ;  the  absorption  of  the  heat  by  the  water ;  the 
separation  of  the  steam  from  the  water ;  the  facilities  for  cleanli- 
ness and  inspection ;  the  weight  and  space  occupied ;  the  cost  and 
the  durability. 

First :  let  us  consider  the  strength.  In  a  book  for  boiler-mak- 
ers, published  in  England,  the  following  language  is  used  :  "  Rect- 
angular forms  or  flat  surfaces  are  all  weaker  than  the  tubular  form," 
and  the  London  Engineering,  in  describing  a  boiler,  states,  that 
"  one  of  the  principal  advantages  is,  that  there  are  no  flat  surfaces 
to  be  stayed."  Formerly  bridge-builders  insisted  that  bridges 
should  be  of  the  arched  form,  but  they  are  now  built  rectangular 
and  trussed.  So  with  boilers  for  high-pressure  steam,  we  will  have 
to  abandon  the  circular  form  and  introduce  a  system  of  braces  based 
on  correct  calculations  to  resist  a  given  pressure  ;  the  limit  of.  press- 
ure for  boilers  with  cylindrical  shells  is  about  one  hundred  and  fifty 
pounds  per  square  inch.  If  the  shells  are  external,  they  are  large 
and  the  total  pressure  becomes  enormous,  and,  if  they  are  internal, 
the  thickness  is  limited,  because,  where  the  fire  strikes  a  plate,  it 
will  burn  if  it  is  too  thick.  The  accompanying  drawing,  Fig.  1, 
will  illustrate  a  form  of  boiler  with  flat  surfaces  and  square  cor- 
ners, as  proposed.  That  a  boiler  of  this  shape  can  be  built  to  carry 
three  hundred  and  seventy-five  pounds  per  square  inch  is  evident, 
from  the  following  statement :  Such  a  boiler  would  require  bracing 
in  three  directions,  viz.:  from  side  to  side,  from  front  to  back  and 
from  top  to  bottom.  If  we  assume  the  breaking  strength  of  the 
braces  to  be  sixty-four  thousand  pounds  per  square  inch,  and  the 
safe  load  as  one-eighth  of  the  breaking  strength ;  this  would  give  us 
eight  thousand  pounds  per  square  inch  as  the  safe  load,  but  we  only 
want  three  hundred  and  seventy-five  pounds  per  square  inch,   hence 
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one  set  of  the  braces  would  occupy  less  than  one-twentieth  of  the 
contents  of  the  boiler,  and  three  sets  of  braces  would  only  occupy 
one-seventh    of    the     contents    of  the  boiler,   leaving  six-sevenths 
for    steam     and    water.      Referring     again    to     Figs.    1    and    2, 
a    system    of    braces    and    T    beams     will    be    seen,    which    are 
arranged  so  as  to  leave  large  space  between  the  braces  for  the  pur- 
pose of  inspection.     With  reference  to  the  crown-sheets  an  objec- 
tion may  be  made  to  this  arrangement — that  so  much  of  the  surface 
would  be  covered  with  iron  that  it  would  interfere  with  the  circula- 
tion ;  but  by  having  considerable  space  between  the  T  bars  and  the 
crown-sheet,  this  objection  would  be  overcome,  especially  when  it  is 
remembered  that  there  would  be  one  and  one-fourth  inches  of  space 
for  circulation  to  five  and  one-fourth  inches  of  heating  surface,  while 
in  the  water-legs  of  locomotive  boilers,  as  now  built,  there  is  only 
about  three  inches   of  space   to  thirty   inches  or   more  of  heating 
surface.     In  addition    to   this   the  wings  of  the  T  bars  can  be  scal- 
loped  out     between    the    rivets,    as    shown    in    Fig.    3.      Where 
the    plates   are   close    together,    as   in   the   furnace-legs,    etc.,  the 
ordinary  locomotive  practice  is  to  put  seven-eighths  screw  stay-bolts 
four  and  a  half  inches  between  centers  for  a  pressure  of  one  hun- 
dred and  twenty -five  pounds  per  square  inch,  for  a  pressure  of  three 
hundred  and  seventy-five  pounds  per  square  inch,  the  distance  would 
require  to  be  two  and  five-eighths  inches  centers  for  equal  safety. 
The  plates   would  be   five-sixteenths  or  three-eighths  thick,  as   at 
present,  and  the  stay-bolts  might  be  made  hollow  for  greater  safety. 
Building  the  boiler  square  and  without   curved  surfaces,  as  sug- 
gested, would   have  the  effect  of    permitting  all  the  edges  of  the 
plates  to  be  planed  and  the  holes  drilled  to  an  exact  template ;  these 
two  things  have  long  been  considered  of  prime  importance  in  the 
construction  of  first-class  boilers.     The  material  for  such  a  boiler 
would  require  to  be  selected  for  its   toughness  and  ductility,  com- 
bined with  great  tensile  strength,  its  appearance  when  broken  should 
be  fine,  close  grained  and  uniform  in  texture. 

The  next  point  to  be  attended  to  after  the  strength  of  the  boiler 
is  the  proper  combustion  of  the  fuel.  The  great  thing  in  this  con- 
nection is  to  maintain  the  furnace  at  a  uniformly  high  temperature. 
To  do  this  it  is  necessary  to  have  a  mass  of  fire-brick  in  the  furnace; 
there  should  be  a  combustion-chamber,  the  furnace  should  be  placed 
near  the  top  of  the  boiler  and  there  should  be  dampers  to  shut  off 
each  furnace.  Unless  attention  is  given  to  these  things  there  will 
be  a  great  loss  of  fuel  when  the  furnace  is  replenished  with  coal. 
When  the  furnace-door  is  opened,  if  there  is  no  damper,  the  cold  air 
will  draw  through,  the  heat  will  continue  to  be  absorbed  by  the  water 
"very  rapidly,  if  the  furnace  is  at  the  bottom  of  the  boiler,  and  if  there 
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is  no  reservoir  of  heat  stored  in  fire  bricks,  the  temperature  of  the 
furnace  will  be  lowered  and  much  of  the  gases  from  the  fresh  coal 
will  pass  off  cold  and  unconsumed.  On  the  other  hand,  if  there  is  a 
damper  very  little  cold  air  will  enter  when  the  door  is  opened,  if  the 
furnace  is  near  the  top  of  the  boiler,  the  absorption  of  the  heat  by 
the  water  will  proceed  more  moderately,  and  the  reservoir  of  heat  in 
the  fire  bricks  will  maintain  the  temperature  of  the  furnace  and 
ignite  the  gases  from  the  fresh  coal.  These  statements  are  based  on 
the  well-known  fact  that  gases  are  burned  much  more  perfectly  when 
the  oxygen  and  carbon  are  at  a  high  temperature.  The  furnace  being 
at  the  top  and  surrounded  by  water,  at  a  comparatively  high  tem- 
perature, would  assist  materially,  even  when  the  door  was  shut,  in 
maintaining  the  temperature  at  a  higher  point  than  it  would  if  near 
the  bottom  of  the  boiler  and  surrounded  by  cold  water.  To  this  fact 
of  the  high  temperature  of  furnace,  and  perfect  combustion  of 
gases,  is  to  be  attributed  the  comparatively  good  results  obtained 
from  the  water-tube  boilers  and  the  cylindrical  tubular  boilers  set  in 
brick-work.  While  not  approving  of  the  building  of  our  furnaces 
entirely  of  brick,  as  in  the  boilers  last  named,  we  should  have  enough 
fire  brick  in  our  bridge  walls  to  act  as  a  reservoir  of  heat  for  the 
proper  heating  of  the  gases,  and  a  combustion-chamber  where  the 
gases  can  be  thoroughly  ignited  before  entering  the  tubes.  (See 
Fig.  1.) 

The  third  point  to  be  considered  is.  the  absorption  of  the  heat  by 
the  water.  The  main  things  in  this  connection  are  to  have  the  gases 
escape  from  the  boiler  at  a  low  temperature,  and  to  have  clean  surfaces 
of  the  metal  for  the  water  to  come  in  contact  with.  The  gases  should 
escape  at  the  bottom  of  the  boiler  where  the  cold  water  is,  and  we  should 
use  surface-condensers  for  all  engines.  If  the  gases  escape  at  the 
bottom  of  the  boiler,  they  can  be  comparatively  cold  and  still  impart 
heat  to  the  water ;  and  if  we  use  surface-condensers  we  will  not  be 
troubled  with  scale.  It  has  been  found  that  a  scale  one-sixteenth  of 
an  inch  thick  requires  an  expenditure  of  fifteen  per  cent,  more  fuel. 
As  the  scale  thickens,  the  ratio  increases  ;  at  one-quarter  inch  thick 
it  adds  sixty  percent,  to  the  fuel  required.  Our  locomotive  engineers 
will  say,  "  We  cannot  use  surface-condensers  ;"  but  there  is  no  reason 
why  the  surface-condenser  could  not  be  carried  on  the  tender  instead 
of  the  great  quantities  of  water  that  are  now  carried,  and  the  water 
for  condensation  picked  up  and  dropped  as  they  go  along.  In  cold 
weather  it  might  even  be  possible  to  condense  by  means  of  the  cold 
air-current,  caused  by  the  motion  of  the  train.  The  saving  of  coal, 
which  might  be  expected  on  our  locomotives  from  the  vacuum,  the 
clean  boilers  and  the  greater  degree  of  expansion,  would  be  enormous, 
and  is  worth  looking  after. 
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The  next  thing  that  we  have  to  consider  is  the  separation  of  the 
steam  from  the  water.  To  do  this  effectively,  there  should  be  a  large 
area  of  water-level,  large  steam  room  and  a  good  dome.  Every  one 
who  has  designed  boilers  with  cylindrical  shells  knows  how  impossible 
it  is  to  get  as  much  area  of  water-level,  or  as  much  steam-room,  as 
he  would  like.  By  constructing  our  boilers  with  vertical  sides, 
as  shown  in  Fig.  1,  the  water-level  will  be  the  full  size  of  the 
boiler,  and  the  steam-room  and  steam-dome  can  be  made  of  any  size 
desired,  and  the  steam  would  be  effectually  separated  from  the  water. 
The  fifth  point  to  be  considered  is  the  facilities  for  cleanliness  and 
for  the  inspection  and  repairing  of  the  boiler.  These  should  be 
ample.  One  of  the  difficult  and  disagreeable  duties  of  an  engineer 
in  charge  of  steam-boilers  is  to  squeeze  in  through  a  manhole,  made 
as  small  as  possible,  and  then  when  he  is  in,  it  is  next  to  impossible 
to  move,  much  less  to  thoroughly  inspect,  repair  and  clean  the  boiler. 
When  we  think  of  a  boiler  that  will  carry  three  hundred  and  seventy- 
five  pounds  per  square  inch,  we  are  confronted  with  the  question, 
How  is  such  a  boiler  to  be  constructed  so  as  to  permit  of  easy  access 
for  the  above  purpose  ?  The  manholes  would  be  placed  in  the  ends 
of  the  boiler,  and  made  with  a  number  of  braces  running  the  whole 
length  of  the  boiler,  and  holding  the  manhole  plates  together.  These 
braces  would  have  collars  on,  so  as  to  keep  the  plates  from  being 
drawn  together  when  the  nuts  are  screwed  up.  This  would  give  us 
two  openings  into  the  boiler  of  any  desired  size,  one  at  each  end. 
The  braces  holding  the  manhole  plates  would  be  removed.  This 
would  not  only  allow  the  engineer  to  go  in  but  would  give  him  space 
and  ventilation,  so  that  he  could  stay  in  until  the  work  which  he  went 
in  to  do  was  satisfactorily  comjoleted.  The  surfaces  of  the  manhole 
plates  would  be  ground.  Another  factor  in  this  connection  is  that 
boilers  that  have  no  surface-condensers  attached  become  scaly.  The 
operation  of  scaling  is  at  the  best  a  partial,  tedious,  and  difficult  one, 
consequently  the  effectiveness  of  the  boiler  is  continually  being  im- 
paired to  a  greater  degree.  The  general  use  of  surface-condensers 
would  entirely  prevent  this  great  nuisance. 

Lastly,  we  have  to  consider  the  questions  of  weight,  space  occupied, 
cost,  and  durability.  The  weight  and  cost  of  this  boiler  per  square 
foot  of  heating  surface  would  be  greater,  but  the  weight  and  cost 
per  horse-power  would  be  less  than  at  present.  As  the  power  of  the 
boiler  would  be  increased  nearly  one  hundred  per  cent.,  we  could 
afford  to  pay  for  best  qualities  of  materials.  The  space  occupied 
by  the  boiler  and  fuel  per  horse  power  would  only  be  about  half  what 
it  is  at  present ;  for  locomotives  and  marine  boilers  this  is  a  matter 
of  prime  importance.  The  durability  would  not  be  any  less  than  our 
present  boilers,  the  furnaces  particularly  of  locomotives  would  last 
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much  longer  because  of  the  absence  of  scale.  When  scale  is  present 
the  plates  are  highly  heated  and  soon  become  brittle. 

Having  already  occupied  more  time  than  I  intended,  I  will  close 
by  briefly  stating  some  other  points  which  should  be  carefully  attended 
to,  in  order  to  secure  the  most  economical  results.  The  passages  for 
steam  should  be  large,  short,  and  direct ;  the  loss  by  radiation  should 
be  prevented  by  the  most  efficient  jacketing;  the  valves  and  pistons 
must  be  tight ;  we  must  have  quick-moving  pistons  and  all  moving 
parts  thoroughly  balanced ;  the  percentage  of  engine-friction  must 
be  reduced  to  as  low  a  point  as  possible ;  all  pumps  should  be  run  at 
a  moderate  speed,  and  by  the  main  engine. 

A  frequent  cause  of  loss  is  the  failure  to  jacket  the  cylinder  heads — 
the  cylinder  heads  of  most  engines  being  polished  bright  and  exposed 
to  the  air.  They  should  be  as  well  protected  with  jackets  as  any 
other  parts  with  which  the  steam  comes  in  contact. 

For  thigh-pressure  steam  the  slide-valve  will  be  found  the  most 
satisfactory,  as  it  is  constantly  wearing  itself  tight.  The  locomotive 
engineers  use  the  highest  steam  pressure,  and  they  prefer  slide- 
valves.  They  must  be  balanced,  however,  and  there  are  several  ways 
of  doing  this.  Packing  rings  on  the  back  of  the  valve  are  used 
largely  by  the  Grand  Trunk  Railway,  and  the  piston-balance  is  used 
by  Worthington  on  his  pumps. 

The  use  of  steam-packing  f-jr  pistons  will  not  answer  for  high 
pressures,  the  ordinary  three-ring  packing  is  preferable. 

The  beam-engine  promises  to  again  become  popular  on  account  of 
its  being  so  well  balanced  and  its  low  percentage  of  engine-friction, 
even  for  propellers,  as  in  the  case  of  the  steamship  "Louisiana,"  of 
the  Cromwell  Line,  designed  by  Mr.  John  Baird.  All  the  pumps 
should  be  run  by  the  main  engine,  because  it  is  a  very  economical 
motor,  and  will  do  the  work  with  greater  economy  than  independent 
engines.  The  pumps  should  also  be  run  at  a  moderate  speed,  be- 
cause water  is  incompressible,  and  much  power  is  lost  by  moving  it 
quickly.  Steam  is  one  thing  and  water  a  very  different  thing,  as  all 
engineers  know. 

In  conclusion,  I  beg  to  call  attention  to  the  loss  of  such  a  large 
percentage  of  the  power  of  the  fuel  in  the  condensing  water.  Can 
we  do  anything  to  prevent  this  loss?  We  know  how  beautifully 
Siemens  has  succeeded,  by  means  of  the  regenerative  principle,  in 
preventing  tbe  loss  of  heat  escaping  up- the  chimneys,  in  our  iron 
and  steel  works,  and  returning  it  to  the  furnaces.  Is  it  possible  to 
take  the  heat  out  of  the  steam  while  condensing  and  return  it  to  the 
furnace,  and  thus  realize  a  very  great  economy  of  fuel  ? 
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DISCUSSION. 

Mr.  Hemenway  —  I  am  very  glad  we  are  brought,  at  this  time, 
face  to  face  with  this  problem  of  the  employment  of  steam  at  high 
pressures.  I  am  glad  because  it  seems  evident  that  sooner  or  later 
we  must  meet  and  settle  it  one  way  or  the  other.  It  seems  at  first 
to  be  an  immense  stride — a  stride  from  the  employment  of  steam  at 
from  six  to  ten  atmospheres  to  its  employment  at  from  twenty 
to  thirty  atmospheres.  But  after  all  it  is  not  a  greater  advance  than 
has  been  made  in  the  past  few  years,  in  advancing  from  one  or  two 
atmospheres,  to  six  or  ten  atmospheres.  In  that  case  we  have  made 
an  advance  by  gradual  steps,  and  we  are  stepping  along  at  the  pres- 
ent time  in  the  employment  of  high  steam,  but  we  do  it  so  gradually 
that  we  meet  the  problems  connected  with  it  in  a  like  gradual  manner. 

In  making  this  immense  stride  we  are  brought  face  to  face  with 
a  problem  that  seems  very  difficult  to  settle  ;  but  if  it  shall  be  demon- 
strated that  very  superior  economy  results  from  the  employment  of 
steam  at  that  pressure,  undoubtedly  these  difficulties  may  be,  and 
will  be  met  and  vanquished,  but  in  our  present  knowledge  of  steam- 
engineering  it  would  seem  useless  to  expect  any  very  important 
economic  results  from  the  employment  of  steam  at  that  pressure, 
because  we  must  first  study  the  science  of  high-pressure  steam-engi- 
neering. That  is  undoubtedly  the  reason  why  those  results  in  the 
few  instances  with  which  we  are  acquainted  have  not  appeared. 

In  reference  to  the  peculiar  form  of  the  boiler  advocated  in  the 
paper  read  before  us,  that  would  seem  at  first  to  be  a  step  in  the 
wrong  direction.  It  would  seem  so,  probably  because  it  is  contrary  to 
our  ordinary  practice.  That  is,  we  are  accustomed,  especially  in  land 
or  stationary  boilers,  to  employ  the  circular  section  from  choice,  and  a 
flat  section  from  necessity,  as  it  were.  But  it  is  a  question  if  this 
very  thing  has  not  brought  us  to  a  point  where  we  get  a  good  con- 
struction for  our  circular  section  and  a  poor  construction  for  our  flat 
section.  Now,  if  we  turn  the  matter  right  over  and  begin  at  the 
other  end,  and  work  from  the  understanding  that  we  have  to  do  with 
this  flat  section,  and  that  we  have  to  construct  and  stay  it  in  a  manner 
to  resist  these  pressures,  it  is  a  question  if  we  should  not  do  it  so  as 
to  be  better  able  to  resist  a  pressure  of  even  twenty-five  or  thirty 
atmospheres  than  we  do  at  the  present  time.  We  should  from  neces- 
sity reduce  the  bracing  of  a  boiler  to  a  science — at  least  to  a  system 
which  is  more  than  we  can  say  at  present.  There  seems  nothing 
difficult  in  the  matter  whatever.  Then,  again,  we  get,  in  our 
present  construction,  the  habit  of  increasing  enormously  the  diame- 
ter of  our  circular  section,  until  we  develop  a  certain  weakness  there 
which  we  should  not  develop  in  the  flat  construction. 
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From  thinking  very  poorly  of  it  at  first,  I  for  one  have  come  to 
think  quite  favorably  of  the  flat  section. 

Mr.  Holley — Two  points  made  by  Mr.  Stirling  I  wish  to  empha- 
size ;  one  is  the  use  of  fire-brick  in  the  combustion  chamber.  It  is  now 
nearly  a  quarter  of  a  century  ago  since  I  assisted  in  some  experiments 
on  the  London  and  Southwestern  Railway,  in  putting  bricks  in 
the  combustion-chamber  of  a  locomotive.  It  was  so  thoroughly  suc- 
cessful that  smoke  was  absolutely  prevented  with  ordinary  firing  ;  that 
indicated,  of  course,  excellent  combustion  and  all  the  saving  due  to  it. 
It  is  a  matter  of  very  great  surprise  to  me  that  brick  are  not  used  more. 
The  other  point  that  I  want  to  emphasize,  is  the  use  of  surface-con- 
densers for  the  purpose  of  keeping  the  boiler  clean,  for  stationary 
engines.  There  is  another  feature  of  economy  which  Mr.  Stirling  did 
not  mention,  and  that  is  the  use  of  gas-fuel  instead  of  firing  with  coal. 
This  matter  of  gas-fuel  is  one  that  I  think  should  occupy  the  attention 
of  steam-engineers. 

Professor  Egleston — I  had  intended  to  insist  on  the  same  point 
as  Mr.  Holley  in  the  use  of  gas,  if  he  had  not  insisted  on  it. 

In  locomotives  as  at  present  constructed,  it  is  qiute  possible  to 
transform  a  part  of  the  fuel  into  gas,  and  to  arrange  the  fire-place  in 
such  a  way  as  to  get  rid  of  smoke.  Smoke  is  merely  fuel  that  goes 
up  the  chimney. 

The  fire-place  would  then  become  a  generator,  and  the  combustion 
would  become  much  more  perfect  than  it  is  now.  It  is  not  the  use 
of  smoke,  but  it  is  the  prevention  of  smoke  by  bringing  the  fuel  up 
to  the  temperature  of  the  fire-place  before  it  is  charged  in  the  fire- 
place. 

Mr.  Forney — I  don't  know  that  there  is  any  one  problem  in  which 
locomotive  managers  are  so  much  interested  as  that  of  the  consump- 
tion of  smoke.  They  have  been  engaged  on  it  for  many  years  with 
out  success. 

Professor  Egleston — The  prevention  of  smoke.  We  cannot  con- 
sume smoke. 

Mr.  Forney — Prevention  of  smoke.  I  accept  the  amendment. 
Of  course  I  am  aware  that  locomotives  are  running  in  which  little  or 
no  smoke  is  produced.  It  is  cheaper  to  run  locomotives  and  let 
them  smoke,  than  to  prevent  it.  Within  the  last  few  years  special 
attention  has  been  directed  to  this  problem.  Within  a  few  months 
the  daily  papers  of  Chicago  have  been  publishing  what  purported  to 
be  learned  scientific  articles  on  the  prevention  of  smoke,  simply 
because  it  has  become  such  a  nuisance  that  public  attention  has 
been  called  to  it.  In  regard  to  fire-brick  I  had  some  correspond- 
ence with  the  government-inspector  of  the  Hungarian  State  Railroads. 
He  has  constructed  a  locomotive  boiler,  and  lined  the  fire-box  with  fire- 
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brick.  The  result,  as  reported  by  bim,  was  that  the  boiler  worked 
as  economically  after  the  fire-box  was  thus  lined  as  it  did  before.  He 
then  constructed  another  boiler  in  which  the  water-space  around  the 
fire-box  was  entirely  left  out,and  he  got  just  as  good  economical  results 
from  the  use  of  coal  as  he  did  with  the  ordinary  boiler.  The  difficulty, 
however,  which  he  encountered,  was  that  of  making  the  device 
stand ;  the  heat  was  so  intense  that  he  could  not  prevent  the  tubes 
from  leaking.  He  reported  in  a  recent  letter  that  he  had  lately 
been  experimenting  with  iron  tubes  with  which  he  found  less  diffi- 
culty than  with  brass.  In  this  connection  I  will  make  the  inquiry 
of  members  present  whether  there  is  any  difficulty  in  maintaining 
the  combustion  of  Siemens'  gas  without  the  use  of  a  regenerator  ?  Is 
it  not  necessary  to  keep  the  temperature  at  a  very  high  point  to  be 
sure  that  it  will  ignite.  I  have  made  some  investigations  lately  in 
regard  to  it,  and  it  has  been  stated  as  one  of  the  difficulties  of  using 
Siemens'  gas. 

Mr.  Gordon — I  would  state  that,  some  years  ago,  seeing  that  there 
might  be  quite  an  advantage  in  this  arrangement  of  fire-box  and  fire- 
place on  the  boilers,  I  constructed  a  firebrick  oven  in  front  of  an 
ordinary  two-foot  boiler  and  carried  the  gases  there  generated,  under 
the  boiler  and  through  the  flues.  The  joint  of  the  flue,  which  was 
a  double  thickness  of  iron,  had  a  shield  of  fire-brick  to  prevent  its 
being  burned. 

Inside  the  arched  chamber  of  fire  brick  was  built  another  arch 
about  one  foot  from  top  of  lower  arch  to  bottom  of  upper  one.  The 
firing  was  done  under  the  lower  arch  and  the  gases  from  the  fuel 
had  to  traverse  the  highly  heated  lower  chamber  and  the  upper 
chamber  heated  to  almost  a  white  heat.  It  was  found  that  this  inti- 
mate mixture  of  the  gases  in  such  highly  heated  chambers  would 
complete  the  combustion  of  the  hydrocarbons  and  prevent  smoke. 
But  no  economy  of  fuel  was  attained.  The  greatest  care  was  re- 
quired to  effect  any  economy,  and  the  least  lack  of  that  care  would  re- 
sult in  the  fuel  being  wasted.  The  fact  was  that  the  proper  quantity 
of  air  could  not  be  regulated  to  the  ever  changing  requirements. 

Mr.  Faber  du  Faur — I  have  heard  the  expression  Siemens'  gas.  I 
think  I  must  protest  against  it,  Siemens  has  made  improvements  in 
gas-furnaces,  but  I  don't  know  of  any  Siemens'  gas. 

Gas-furnaces  have  been  used  as  early  as  1837 — that  is  with  gas 
from  blast  furnaces.  Gas  from  blast  furnaces  was  used  for  refining 
iron,  for  puddling  iron,  and  for  heating  iron. 

There  was  not  any  Siemens'  gas  at  that  time.  The  gas-producers 
were  used  af  terwards,and  they  were  used  in  Germany  as  early  as  1845, 
or  1846.  In  1847,  I  was  myself  engaged  in  superintending  gas-fur- 
naces with  gas-producers,  and  there  was  no  Siemens'  gas  at  that  time. 
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I  put  up  a  gas-producer,  using  anthracite  coal  at  Trenton,  in  1851, 
and  there  was  no  Siemens'  gas  there. 

Mr.  Forney — Will  the  gentleman  allow  me  to  interrupt  him  ?  I 
am  -willing  to  call  it  by  any  name. 

Prof.  Egleston — Call  it  Carbonic  Oxide. 

Mr.  Faber  du  Faur — Well  what  I  am  coming  at  is :  that  there  is  no 
difficulty  about  burning  gas.  My  father  burned  gas  in  1836  and  1837, 
with  hot  blast  and  gas  of  a  very  inferior  quality,  and  this  gas  gave 
a  temperature  high  enough  to  refine  iron  in  a  gas-furnace.  If  the 
combustion  gave  a  temperature  high  enough  to  puddle  iron,  and  a 
temperature  high  enough  to  heat  iron,  I  think  the  same  plan 
would  give  a  temperature  high  enough  to  heat  a  boiler.  All  you 
want  is  a  good  fire-brick  channel,  or  flue,  or  what  ever  you  may  call 
it.  I  don't  see  why  we  should  not  be  able  to  connect  a  gas-pro- 
ducer with  a  locomotive  and  burn  the  gas  effectively. 

A  Member — Some  twelve  years  ago  I  put  up  one  of  those  producers 
that  are  used  in  connection  with  puddling  iron  and  steel,  and  I  put  an 
apparatus  underneath  my  boilers  and  used  the  gas  under  those  produ- 
cers to  work  the  boilers  for  a  number  of  months.  All  that  the  engineer 
had  to  do  in  the  morning  was  to  open  his  fire-door  and  throw  in 
a  handful  of  shavings  and  turn  on  the  gas ;  when  he  went  away  at 
night  he  simply  turned  off  his  gas  and  that  was  an  end  of  the  fire. 


Drawing  No.  2. — Cboss  Section  Through  Furnace. 


Drawtnq  No.  I-Secticixat.  Elevation. 
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